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1. INTRODUCTION 


The Nutrition Advisory Committee (N.A.C.) of the Indian Council of Medical 
Research (I.C.M.R.), in 1944, recommended dietary allowances of calories, proteins, iron, 
calcium, Vitamin A, thiamine, ascorbic acid and Vitamin D for different groups (Table 1). 
These recommendations were based partly on recommendations of the League of Nations, 
the National Research Council (N.R.C.) of the United States of America, the National 
Research Council of Canada, and the Medical Research Council (M.R.C.) of the United 
Kingdom ; and partly on data collected by Indian workers. 


The original recommendations of the Nutrition Advisory Committee of the year 
1944 have not been revised and brought up-to-date except for calories and proteins, which 
were revised in 1958(Patwardhan, 1960). Our concepts of human nutrient requirements have 
been changing with newer knowledge. Recommended allowances of nutrients, have there- 
fore, been revised periodically and brought up-to-date by the National Nutrition Advisory 
Bodies of several countries. Expert Committees of the Food and Agriculture Organiza- 
tion and the World Health Organization have also considered this question and recommen- 
ded the figures for calories, proteins, calcium and several vitamins. In view of the 
changes in our concept of human requirements of several nutrients as a result of know- 
ledge gathered over the past twentyfive years, a review of nutrient allowances for Indians 
is overdue and the carlier recommendations have to be brought up-to-date. A fair amount 
of research carried out in India on the nutrient requirements of Indians during the last 
two decades, justifies undertaking the revision of the recommended allowances on the basis 
of Indian data. 


This report concerns itself with dietary allowances of calories, proteins, fat, 
calcium, iron, Vitamin A, Vitamin D, thiamine, riboflavin, niacin, ascorbic acid, Vitamin 
B,, and folic acid for Indians. Available data, based on work done in India, have been 
reviewed and dietary allowances of nutrients for different groups suggested in the light of 
these data. 


The Nutrition Expert Group of Indian Council of Medical Research at its 
meeting held at the Nutrition Research lL aboratorics. Hyderabad, in June 1968, conside- 
red this report and formulated recommendations regarding dietary allowances of calories, 
proteins, fat, calcium, iron, Vitamin A, thiamine, riboflavin, niacin, ascorbic acid, 
Vitamin B,,. folic acidand Vitamin D for Indians. The Nutrition Expert Group 
recommended balanced dicts for different groups based on these nutrient allowances 
These recommendations are given in Appendix I. 
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2. CALORIES 


The calorie allowances recommended by the Nutrition Advisory Committee are 
given in Table 1. The basis for the revised recommendations of 1958 has been fully discussed 
by Patwardhan in an earlier publication (1960). Though there appear to be no significant 
additional data on calorie requirements of Indians to justify any general revision of these 
recommendations, calorie allowances in respect of some categories need further evaluation. 


2.1. Adults: 


The calorie requirements of adult men and women were estimated by the activity 
breakdown method, employing available data for basal metabolic rate and the energy cost 
of different activities determined in Indians. Though there were no differences in the com- 
puted values and the recommended figures for calorie requirement for adult men, there 
was some discrepancy between these figures in the case of adult women for sedentary and 
moderate work. Whereas the computed values for these two types of activities were 1790 
and 2080, the recommended allowances were 2000-and 2300 respectively. The reason for 
this difference is not clear.. It is true that in the earlier estimation of calorie requirement 
of women, no allowance was made for increased calorie requirement due to increased body- 
temperature during the menstrual cycle, but additional calorie intake on this account will 
not account for more than 50-60 calories per day. In view of this discrepancy, recommen- 
ded calorie allowances for adult women engaged in sedentary and moderate work need to 
be revised. The revised figures for calorie allowance for adult women, after taking into 
consideration the extra needs due to increased body-temperature during menstrual cycle, 
will be 1900 and 2200 calories per day for sedentary and moderate work respectively. 


It was computed earlier that daily calorie requirement of Indian adult man with 
body-weight of 55 kg, engaged in heavy manual work, was 3900 calories. This allowance 
does not take into consideration very heavy work under unusual conditions like army men 
working at high altitudes and low temperatures, where the calorie requirement may go up 
to 4200 calories/day. Under normal conditions, however, energy expenditure by men 
engaged in heavy manual labour has been shown to be within the earlier recommended 
allowances. Ramanamurthy and Dakshayani (1962) reported that the average energy 
expenditure of poor class of people, with average body-weight of 46 kg, engaged in heavy 
manual labour like stone cutting, was 3025 calories/day. 
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In another study, Ramanamurthy and Belavady (1966) reported that the daily energy 
expenditure of adult men (average body-weight 44 kg.), engaged in agricultural operations, 
involving heavy labour, was 3020 calories. 


2.2. Pregnancy and Lactation : 


Increased calorie requirement during pregnancy results from growth of foetus, 
placenta and associated tissues and increased basal metabolic rate. Dakshayani and 
Ramanamurthy (1964) have reported that the basal metabolic rate is increased by 5% 
during the first and the second trimesters and by 12% during the third trimester of 
pregnancy. Increased calorie requirement due to the increased basal metabolic rate will 
be approximately 100 calories during the latter half of pregnancy. Calories required for 
the increase in body-weight and for the increased energy expenditure due to heavy 
body-weight are estimated to be 200 calories per day. Thus the total additional need of 
calories during pregnancy will be 300 calories per day which should ba supplied during 
the latter half of pregnancy. 


Increased calorie requirement during lactation is due to the increased basal 
metabolism and the calorie content of the milk secreted. Venkatachalam and Gopalan 
(1960) reported a 26% increase in the basal metabolic rate of Indian women during 
lactation. This corresponds to an increased daily calorie requirement of 200 calories/day. 
Caloric content of milk secreted per day by Indian women is about 400 calories. Assum- 
ing the efficiency of conversion of dietary calories to milk calories as 80%, additional daily 
calorie allowance to meet this demand is 500 calories, Thus the normal additional daily 
allowance of calories for Indian women during lactation will be 700 calories/day. 


Calorie allowances recommended in 1958 for pregnant and lactating women, 
presumably engaged in sedentary work, were 2300 and 2700 calories per day respectively. 
It should be pointed out, however, that it is rather difficult to define the type of daily 
activities of pregnant and lactating women under Indian conditions. During pregnancy 
and lactation, a large section of Indian women continue to do the same type of physical 
work as the normal women. Restriction of physical activity puring pregnancy, common 
among the prosperous sections of the population, is obviously not possible among the poor 
groups. Therefore, the calorie allowances for Indian women during pregnancy and lactation 
should be recommended as additional allowances of 300 and 700 calories per day, res- 
pectively, over and above their normal allowances which depend upon their daily activity. 


2.3. Children : 


If the calorie requirements of Indian children are calculated on the basis of actual 
body-weights, the requirement figures will be much lower than those recommended in 
1958. These latter figures were presumably based on expected bodyweights at different 
ages rather than the actual body-weights of Indian children. The low body-—weights of 
majority of Indian children are attributable to poor nutritional status. It has also been 
shown (Taneja, 1967) that the growth potential of Indian children is not different from 
that of Europ2an or American children. Thrrefore, th: earlier rsconn2adaitioas of 
calorie allowances for normal Indian children, based on their exp2cted body—weights, 
appear to be reascnable. 


Dakshayani, R., and 
Ramanamurthy, P.S. V. (1964) 
Nutrition Advisory Committee 
(1944) 
Patwardhan, V. N. (1960) 


Ramanamurthy, P.S.V., and 


Belavady, B. (1966) 
Ramanamurthy, P.S. V., and 

Dakshayani, R. (1962) 
Taneja, P. N. (1967) 


Venkatachalam, P. S., and 
Gopalan, C. (1960) 
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3. PROTEINS 


3.1. Introduction : 


Protein allowances for Indians, recommended by the Nutrition Advisory 
Committee of the Indian Council of Medical Research in 1944, are given in Table 1. Since 
then, the adult requirement was scaled down from 1.5 gm, to 1.9 gm./kg. body-weight. 
The considerations, which determined this revision of the adult protein allowances, have 
been discussed by Patwardhan (1960). 


3. 2. General Considerations : 
Some general considerations, bearing on the question of protein requirements, 
will be briefly reviewed. 


3.2.1. Differences in Protein Needs : 

The protein needs of different segments of population are obviously influenced 
by the physiological and the environmental factors. Protein is required by a normal adult 
for just maintaining the tissue integrity and making good protein loss by wear and tear 
(maintenance requirement), During the period of growth, protein is needed for tissue 
growth as well as for maintenance. During special physiological conditions, like pregnancy 
and lactation, extra protein is needed over and above the maintenance requirment to 
provide for the growth of foetus and accessory organs in. pregnancy and for the secretion 
of milk proteins in lactation. Pathological stresses also call for extra protein intake. 
Unusual environment also may alter protein requirenment, but our knowledge concerning 
this is meagre. 


3.2.2. Quality of Protein 


It is well-known that the quality of dietary protein is a deciding factor in its 
utilization. For this reason, protein requirement naturally varies with the type of dietary 
protein. This would necessitate recommending dffferent protein allowances, depending 
upon the quality of the dietary protein. There would be as many requirement figures as 
are different quality proteins. To avoid this difficulty, protein requirement has been defined 
in terms of a reference protein which is 100% utilizable and has an amino acid pattern con- 
sistent with human requirement. Estimates of protein requirements in terms of reference 
protein may be converted into practical figures of protein requirement by taking into 
consideration the quality of protein consumed by the population. 


3. 2.3. Influence of other Nutrients on Protein Requirement 


In defining human protein requirement, it is tacitly assumed that the diet is 
adequate with ‘respéct to other nutrients. Though metabolic inter-relationship between 
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proteins and vitamins is known, it is not known whether dietary deficiency of vitamins 
influences protein requirement at all and, if so, to what extent. The position is different 
with regards to calories, Calories are definitely known to influence protein requirement. 
Obviously if the total calorie content of the diet is inadequate, protein is wasted for calorie 
purpose. Increasing protein ina diet deficient in calories, serves no purpose. Another 
relation to be borne in mind jis the time relationship between the protein intake and calorie 
or carbohydrate intake. For best utilization, they should be consumed simultaneously. 


3.2.4. Pathologicul States : 


Protein requirement is affected in pathological states, especially in those conditions 
(burns, fever, acute infection, etc.) where there is protein catabolism. High protein and high- 
carbohydrate diet has been found to be beneficial, not only to prevent nitrogen loss but 
also for quick recovery. One cordition that may be of interest in the Indian context is the 
possible effect of chronic undernutrition and malnutrition on protein requirements. 


3.2. 5. Methods of determining Protein Requirement ; 


There are serveral approaches to the determination of protein requirement. An 
approximate assessment of protein requirement would be possible from an examination of 
the current protein intakes of the population groups in good health. This approach has 
its obvious limitations in that the protein intake of apparently healthy individuals may vary 
within wide limits and these figures need not necessarily indicate the - atgupases: require- 
ments. . 


Physiological requirements can be assessed by nitrogen balance studies in adult, 
and in infants and children by measurement of growth rates on known protein intakes, 


An entirely different approach, which is widely used, is the factorial approach in 
which protein necds for different functions are added up to arrive at the overall protein 
needs. Adult protein needs, thus, are the summation of protein needs to replace obliga- 
tory protein losses in urine and feces (endogenous losses which take place even ona 
protein-free diet) plus the losses through sweat and shedding of hair, skin and nails. In 
the case of children, protein requirements, both for grov.th and maintenance, have to be 
added up. In young infants, protein allowances would include that required for chemical 
maturation as well. Protein requirement in pregnancy would be the sum of adult require- 
ment in the normal state plus the requirement for growth of foetus and accessory organs. 
Similary the protein needs of a nursing mother are computed from adult requirement and 
that required for secretion of milk proteins. 


3. 2.6. Methods of expressing Protein Requirement : 


Protein requirements have been variously expressed in terms of body-weight, body 
surface or as a percentage of total calories, Though body-weight is generally used as the 
basis for expressing protein requirements, body surface or lean body mass may be a more 
meaningful basis. To express protein requirements as a percentage of calories has a certain 
advantage since protein requirement and calories are closely related. For the proper 
utilization of proteins, calorie intake should be adequate. If the requirement is expressed 


) 


as a percentage of calories and if calorie requirements are met from a given diet with 
adequate net protein calories. protein requirements will also be met. 


3.2.7. Individual Variation : 


In defining protein needs of a population, there has to be a proper yardstick to 
project the figures arrived at from studies on a small group for the entire population. There 
is always wide individual variation in protein requirement. We do not have exact figures 
for this variability. Attempts have been made to use the extent of variability observed in 
B.M.R. studies to protein requirements. The figure of 20% has been assumed by the Food 
and Agriculture Organization/World Health Organization Expert Group (1965). This is, 
however, not based on strong evidence and is purely tentative. 


Even in a given individual, requirement of protein may not be uniform at different 

pericds and is known to te rrofourdly affected by stress factors including mental distress. 

We are ignorant of the extent of variability in protein requirement due to this factor. The 

Food and Agriculture Organization/World Health Organization Expert Group has arbit- 
rarily used a figure of 10% to cover such incidental stress factors. 


The foregoing discussion indicates that several factors have to be taken into 
consideration in arriving at the protein requirements of different population groups and in 
recommending protein allowances. Available data bearing onthe protein requirement, 
obtained on Indian subjects, will now be briefly reviewed and protein allowances based on 
these and other data will be indicated for different groups. 


3.3. Protein Requirement of Adults: 
3.3.1. Diet Surveys: 

A general idea of the protein requirements of normal Indian adults can be had 
from the figures for protein consumption of healthy Indian adult populations. An analysis 
of over | 8CO diet surveys, carried out in India, reveals that protein intake may vary from 
12-211 gm. (Mitra, 1953). In 61% of these surveys, which apparently covered higher 
income-group, the protein consumption varied from 50-100 gm. The average protein 
consumption in this group was 63 gm. per consumption unit, which supplied 11% of the 
dietary calories. These data would indicate that prctein consumption of healthy popula- 
tion may vary between 50 and 100 gm. It is obviously difficult to decide the optimum 
level of protein from this wide range of intakes. However, the observation that an intake 
of about 50-100 gm. protein, derived mainly from vegetable source, is consistent with 
health, is a useful pointer. 


A more satisfactory method of computing adult protein requirement is based on 
experimentally determined values for minimum protein requirement for maintaining nitro- 
gen equilibrium. Minimum maintenance requirements have been mainly derived from. (7) 
nitrogen balance data, and (ii) endogenous nitrogen losses. 


3.3.2. Minimum Protein Required for Nitrogen Balsnce in the Adult : 
An adult can bein nitrogen equilibrium at different levels of protein intakes. 
However, below a certain minimum level of intake, a negative nitrogen balance ensues. 
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This level is taken as the minimum requirement of protein for the adult. Inthe usual 
nitrogen balance studies employed to determine this level, nitrogen losses through urine 
and feces only are considered. To provide for other cutaneous losses of nitrogen, additio- 
nal allowance has to be made. Minimal nitrogen requirement is determined by feeding 
different levels of protein that results either in negative or slightly positive balance. A 
linear relationship usually holds good between intake and balance in this region. From 
this relationship, minimum protein required for nitrogen equilibrium can be calculated. 


3.3.3. Men: 


A few attempts have been made to determine experimentally the minimum protein 
requirement in Indian subjects. Basu and Basak (1939) investigated nitrogen metabolism 
in two subjects on diets in which protein was derived mainly from cereals (wheat or rice) 
and partly from pulses. From thirty metabolic experiments, they Suggested an average 
minimum protein requirement figure of 46.4 gm. for a 70 kg. man. 


Two studies have been carried out at the Nutrition Research Laboratories to 
determine the minimum protein requirement for nitrogen equilibrium in Indian subjects. 
Phansalkar and Patwardhan (1956) carried out nitrogen balance studies in five young men 
on marginal levels of protein intake (34-43 gm.) : the proteins being derived from whole 
egg or mixed cereals and pulses. A high degree of correlation was obtained between 
nitrogen intake and nitrogen balance when both the values were expressed on the basis of 
body surface area. The level of protein intake to maintain nitrogen equilibrium was found 
to be 0.5 gm. protein per kg. of body-weight per day. 


3.3.4. Women: 


Pasricha, Narasinga Rao and Gopalan (1965) studied the minimum protein 
requirement of normal ycurg Irdian wcemen on diets based on rice-pulse and milk 
proteins. Seven volunteers were fed two or three levels of protein ranging frcm 19 to 31 

gm. a day, so that the subjects were in negative or slightly positive balance. The diets 
were adequate in calories, minerals and vitamins. There was a high correlation between 
nitrogen intake and nitrogen balance. From this relationship, minimum prctein required 
for nitrogen equilibrium was calculated to be 0.5] gm. protein per kg. of bodyweight. In 
this study, nitrogen balances in a few women belonging to the low socio-economic group 
and who were undernourished, were also carried out. It was found that nitrogen intake 
necessary for nitrogen equilibrium in these subjects was not different from those of well-to- 
do subjects. Values for the minimum protein required for nitrogen equilibriumfor Indian 
subjects are shown in Table 2 and compared with data obtained from Western workers. 


It can be concluded from these studies that on diets confainirg preccmirantly 
mixed vegetable proteins, minimum protein required for nitrogen equilibrium ijn an Indian 
adult ranges from 0.51 to 0.66 gm. with an average of 0.57 gm. per kg. bodyweight, a 
figure not different from the Western figures. This value does not include allowances for 


cutaneous losses. The minimum protein requirements of men and women, however, are 
not different. 
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TABLE 2 
Minimum Adult Protein Requirement for Nitrogen Equilibrium. 
T of Minimum 
Investigators ve requirement Subjects 
protein per day 
Pasricha eft al. (1965) Mixed 0.51 gm./kg. Women 
(169 gm/m*)) 
Basu and Basak (1939) Cereals 0.66 gm./kg. Men 
& pulses 
Phansalkar and Ps 0.50 gm./kg. " 
Patwardhan (1956) (22.2 gm/m’) 
Hegsted ef al. (1946) All vegetable 18.0 gm./m’ Men and 
Women 
plus 30% meat 170 gm./m’ * 
Bricker et al. (1949) Vegetable 18.4 gm./m’ Women 


3.4. Endogenous Nitrogen Losses : 

Another approach to the computation of protein requirement of the adult is the 
factorial approach, where protein intaketo make good the obligatory nitrogen losses 
through different sources, f.e., urine, feces and skin, in considered. Values for protein 
requirements, thus obtained by the factorial method, willbe in terms ofa reference 
protein. 

There is a fairly Constant nitrogen loss through urine and faeces on diets contain- 
ing no protein after sufficient time is allowed for the subject to adjust to this diet. When a 
subject is put on a protein-free diet, the urinary nitrogen drops rapidly during the firts 
few days and then slowly to reach an almost steady state. Nitrogen excretion at this point 
is taken to represent endogenous loss. 

These endogenous losses through urine and feces can be determined by keeping 
the subjects on a protein-free diet. Urinary nitrogen loss on a protein-frce diet has been 
determined in a number of species and it has been pointed out that this is related to basal 
calories. It is generally computed that 2 mg. nitrogen is excreted per basal calorie. This 
figure has been generally used to compute urinary endogenous nitrogen loss from a 
knowledge of basal calorie expenditure. 


3.4.1. Endogenous Urinary Nitrogen: 


Some data are available for the endogenous uninary nitrogen loss on protein-free 
diets in Indian subjects. Basu and Basak (1939) observed in their subjects on a protein- 
free diet, an average urinary endogenous nitrogen excretion of 0.0385 gm./kg. Basu et al 
(1941) reported as average endogenous urinary nitrogen loss of 0.041 gm./kg. in four 
subjects. Karambelkar et al. (1950) reported an average endogenous urinary nitrogen 
excretion of 0.032 gm./kg. in three subjects. Mitra et al (1948), from their studies on 
six subjects, reported a figure of 0.034 gm./kg. for the endogenous urinary nitrogen 
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loss. Endogenous urinary nitrogen excretion has also been determined in boys (Tasker et al 
1962) and girls (Kanta Joseph et al., 1963) of 8-10 years of age. The reported figures are 
1.39 and 1.23 gm. nitrogen per 24 hours in boys and girls, respectively. In these studies, 
basal metabolism of the subjects were not determined. 


Gopalan and Narasinga Rao (1966) studied nitrogen excretion in four subjects 
who were kept on protein-free diet three times in each case. Average endogenous urinary 
nitrogen loss in these subjects was found to be 0.0372 gm./kg. Basal metabolic rate was 
also determined in these subjects which enabled the calculation of endogenous urinary 
nitrogen excretion per basal calorie, the values for which ranged from 1.30 to 1.65 mg. 
nitrogen per basal calorie. From the above studies it is observed that the average endoge- 
nous urinary nitrogen loss in Indians is 38 mg./kg. of body-weight or 1.5 mg. per basal 
calorie. This value can be employed in computing protein requirement of Indians. 
Western workers (Murlin et al., 1946 ; Hawley et al., 1948 ; Bricker and Smith, 1951) have 
also reported endogenous urinary nitrogen excretion of 1.3-1.4 mg. per basal calorie. 


3.4.2. Metabolic Fecal Nitrogen : 


Metabolic fecal nitrogen has also been determined by a number of workers in 
Indian subjects. Metabolic fecal nitrogen loss in Indian adults reported by different 
workers are: Basu and co-workers (1939, 1941)=—1.04 gm. N/day ; Karambelkar et al, 
1950)=0.95 gm. N/day; Mitra et al. (1948)=4.96 gm. N/day; and Gopalan and Nara- 
singa Rao (1966)=1.07 gm. N/day. Thus, for Indian adults 1.0 gm. N/day appears to be 
a reasonable allowance for the endogenous fecal loss of nitrogen. Metabolic fecal 
nitrogen loss in Indian children of 8-10 years of age has been reported to be 0.79 per day 
(Tasker et al., 1962 ; Kanta Joseph et al., 1963). Values as high as the above figures for 
the metabolic fecal nitrogen loss in adults have been reported by Murlin ef al. (1946). 
Bricker and Smith (1951) aud Hawley et al, (1948) have reported a lower figure of 0.45 for 
the American adult subjects. The FAO/WHO Committee (1965) on Protein Requirement 
have uscd a figure of 20 mg. N/kg. for the endogenous fecal nitrogen loss. Endogenous 
fecal nitrogen loss in Indians on the basis of the above data will also be about 20 mg./kg. 
body-weight. 


The values obtained by different workers for the endogenous loss of nitrogen in 
urine and feces are summarised in Table 3. 


TABLE 3 
Endogenous Urinary and Fecal Nitrogen Excretion in Indian Adults 
Investigators Urinary Nitsogen Fecal Nitrogen 
gm./day 

OE eee he 
Basu et al 0.041 gm./kg. 1.04 
Karambelkar et al 0.032 gm./kg. 0.95 

Mitra et al 0.034 gm./kg. 0.96 
Gopalan and 0.037 gm./kg. 1.07 

Narasinga Rao (1.5 mg./cal.) 


Western workers 1.3-1.4 mg./basal cal. 0.5-0 9 
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3.4.3. Cutaneous Losses : 


Nitrogen losses through skin as soluble nitrogen in sweat and through shedding 
of integumental cells, hair and nail, can be significant. Nitrogen loss through sweat has 
been estimated by Mitchell and Hamilton (1949) as 0.36 gm. nitrogen per day under con- 
ditions of minimal sweating and 10 times higher under severe conditions. Integumental 
losses have been estimated from long-term nitrogen balance studies by Mitchell and 
Edman (1962) as being 0.56 gm. N/m’ in males and 0.37 gm. N/m’ in females. Studies 
carried out at the Nutrition Research Laboratories by Apte (1962) on ten subjects indica- 
ted an average nitrogen content of 30 mg./100ml. in thermal sweat when the total sweat 
output was 115.6 ml./hour. From these results, total daily nitrogen loss through sweat 
was computed as 0.318 gm./day. Wedonot have figures for other cutaneous losses. 
Gokhale (1963) estimated that sweat loss for nitrogen in Indians is about 0.5 gm./day. Our 
knowledge of cutaneous loss of nitrogen in Indians under different temperature and environ- 
mental conditions is incomplete. It would appear from the study reported by Consolazio 
et al. (1963) that sweat loss of nitrogen in atropical country like India may be much 
higher than the above figure. These authors have reported nitrogen loss through sweat in a 
tropical climate ranging from 1 to4.gm. per day. However, Ashworth and Harrower 
(1967) concluded from their study with acclimatised volunteers that heavy sweating under 
natural conditions in a tropical climate does not result in such excessive loss of nitrogen. 
They report that their volunteers during 6 1/2 hours work lost 3 litres of sweat containing 
only 0.49 gm. of nitrogen. For practical purposes, the allowance of 20 mg. N/kg. for 
total cutaneous losses suggested by the FAO/WHO Expert Group (1965) may be adopted 
for Indians, though it is largely arbitrary. 


3.4.4. Correction for Biological Value and Digestibility : 


It was pointed out earlier that the protein requirement computed from the obli- 
gatory nitrogen losses will be in terms of a reference protein. In order to convert protein 
requirement values, based on reference protein, to practical figures, appropriate correc- 
tions have to be be applied for the biological value (B. V) and digestibility of the dietary 
proteins. A knowledge of efficiency of protein utiltzation would, therefore, be necessary. 
Some information is available on the biological value and digestibility in adult subjects 
of proteins in the Indian dietaries. Biological value and digestibility coefficients of pro- 
teins in the diets used in the studies by Gopalan and Narasinga Rao (1966) were calculated. 
These diets were based on cereal-pulse and milk proteins. True digestibility at different 
levels of intake ranged from 80 to 94 (average 87.1) and true biological value ranged from 
55 to 80 (average 66) with an average of 58 for net protein utilization. Several other wor- 
kers also have reported values for adults ranging from 48.5 to 67 for the biological value 
and 62 to 97 for the digestibility coefficient (Basu and Basak, 1939; Basu et al., 1941 ; 
Karambelkar et al., 1951; Patwardhan et al., 1949; Mitra etal., 1948). These 
results would indicate that proteins of Indian dietaries, containg predominantly vegetable 
proteins, have a digestibility coefficient of 85 and biological value of 6) and net protein 
utilization (N.P.U.) of about 50%. 
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These values are for intakes higher than the minimal intake required for nitrogen 
equilibrium. At lower levels of protein intake, however, net protein utilization will be 
better than this. In normal women on marginal levels of protein intake reported by 
Pasricha et al. (1965), calculation of net protein utilization yielded an average figure of 
72. Phansalkar and Patwardhan (1956) also showed that on marginal intakes, proteins 
derived from mixed cereals had egg replacement value of nearly 100 and those derived 
from wheat, 80. The results of these studies indicate that protein utilization at levels 
corresponding to the minimum requirement would be 70 or more. Taking all the available 
data together, it would appear that net utilization of proteins, of the type generally consu- 
med by Indians, may lie anywhere between 50-80, depending upon the level of intake 
and the protein source. It appears, therefore, reasonable to assume a value of 65 for the 
net protein utilization of dietary proteins while computing the protein allowances for 
adults based on minimum requirement figures. 


However; the net protein utilization in children who require protein intake above 
the maintenanee level, may be lower than 65%. Swaminathan (1963) reported net protein 
utilization ranging from 66-43 in children of 8-10 years of age, consuming diet containing 
proteins derived mainly from a single or mixed cereals and millets. Information on the 
net protein utilization of other vegetable protein combinations in children are not available. 
It can, therefore, be suggested that, for the present, a net protein utilization of 50% for 
the dietary protein can be employed for computing protein allowances of Indian children. 


3.5. Protein Allowance for Normal Adult : 


Computation of minimum protein requirement of Indian adults based on data 
reviewed above has been shown in Table 4. The adult protein requirement in terms of a 
reference protein is 0.65 gm./kg body weight, a value not very much diffierent from the 
figure suggested by the FAOIWHO Expert Group (1965). In arriving at this figure, allo- 
wances for stress (10%) and individual variability (20%) have been made. As discussed 
above a net protein utilization of 65% has been used for the proteins of Indian dietaries 
mainly based on a mixture of vegetable proteins in converting the requirement figures in 
terms of a reference protein to practical allowances. The daily protein allowance for the 
Indian adult thus computed is 1.0 gm. per kg. bodyweight. This is in terms of protein 
in the average diet of Indians. 


Total daily allowance of protein for an average man weighing 55 kg. will be 55 
gm. and for an average woman weighing 45 kg. will be 45 gm. 


3.6. Protein Requirements in Pregnancy and Lactation : 


3.6.1. Nitrogen Balance Study in pregnancy and Lactation: 


The question of protein requirement in pregnancy and lactation has been approa- 
ched through nitrogen balance studies by workers at the Nutrition Research Laboratories. 
Nitrogen balance studies carried out at these Laboratories in pregnancy (Jayalakshmi et 
al., 1959) and lactation (Narasinga Rao et al; 1958) indicate that minimal protein requi- 
rement for maintaining nitrogen equilibrium may be elevated. 

Pregnancy: Nitrogen balance was determined by Jayalakshmi et al. (1959) 
in eight pregnant women belonging to low socio-economic group on 
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different levels of protein intake (60-120gm.) The data are presented in Table 5. Consider- 
able nitrogen retention was observed and the retention increased with intake upto 85 gm 
protein/day. A linear relationship was found between protein intake and balance below an 
intake of 2.8gm. protein per kg. By extrapolation minimum protein required for nitrogen 
equilibrium was calculated. Minimum requirement of protein m these subjects was found 
to be 0.9 gm,/kg/day which is about 80% higher than the minimum requirement for normal 
adults. Even after allowing for a higher fecal nitrogenexcretion observed in these subjects, 
the minimum protein requirement was found to be 20-40% higher than normal. 


TABLE 5 


Nitrogen Balance in Pregnant Women at Different Levels of protein Intake 


Term of Body Nitrogen balance (gm./kg.) 
Subject pregnancy weight wi 

(weeks) (kg.) Nitrogen intake (gm./day) 
9.61 13.46 16.97 18.87 
1 26 51.0 +216 +2.48 42.73 — 
2 28 a5 12.29 43.96 42.92 43.63 
3 24 35.0 +0.88 +1.63 4-1.91 42.05 
4 24 49.4 +0.39 A344 +6.91 — 
5 24 45.0 +0.17 +0.42 — 
6 24 AT.7 +1.45 +5.80 — 
7 as 43.5 +3.41 +6.77 +8.57 — 
8 26 5 ele 4.3.01 — 

TABLE 6 

Nitrogen Balance in Lactating Women on Differant Levels of protein 
aynjuy 


State of Body- ——— 
Subject Lactation weight Nitrogen intake (gm./day) 

(months) (kg.) 9.81 15.88 18.09 

1 6 41.8 +0.61 43.93 +4.54 

2 9 33.6 +0.20 +1.56 +4.05 

3 6 34.1 +0.24 +3.19 +5.77 

4 6 38.2 +0.19 +3.25 +4.06 

5 5 39.1 +0.35 +5.61 +4.93 

6 13 34.1 +1.26 44.17 45.79 


_____—_—_—__—_——E————— eee 


Nitrogen balance (gm./day) 
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Lactation: A similar study of nitrogen balance in lactating women by 
Narasinga Rao et al. (1958) indicated a linear relationship between nitrogen balance and 
protein intake over a range of 60-100 gm. Nitrogen retention was observed to increase 
with intake upto 100 gm. protein/day. The data are presented in Table 6. Minimum 
protein required to maintatin nitrogen balance in these subjects was found to be 1 5 gm. 
protein/day/kg., which, after allowing fora high fecal nitrogen excretion observed in 
these subjects, was found to be 1.2 gm./kg/day. This value is about 2$ times more than 
the minimal requirement of the normal adult. This requirement includes that needed for 
milk output also. 


The subjects in these two studies had a tendency to retain considerable quantity 
of nitrogen, the retention increasing with intake up to apoint. This probably was a reflec- 
tion of their poor body protein stores, since they belonged to the low socio-economic group 
and can be considered to be relatively undernourished. There is definitely a need in these 
subjects for nitrogen retention over and above that required for meeting the maintenance 
and the physiological needs of lactation and pregnancy. Though some reservations have 
been expressed regarding the need for this extia nitrogen retention in normal individuals, 
advantage from such retention for the maternal tissue in undernourished women need 
hardly be stressed. A level of protein which results in a maximal nitrogen can be conside- 
red as their actual requirement in these subjects. Applying this criterion, protein require- 
ment of undernourished women with bodyweight of about 40 kg. during lactation and 
pregnancy is found from the above studies to be 100 gm. and 85gm./day respectively. 
These levels would ensure extra nitrogen retention. Since the subjects of the above studies 
were undernourished, daily protein requirement determined in these may not be applicable 
normal subjects. 


3.6.2. Protein Allowance during Pregnancy : 


Protein requirement in pregnancy can be computed by adding the extra protein 
needed for the growth of foetus in pregnancy to the adult requirement in the normal state. 
Long-term nitrogen balance studies by Macy and coworkers (Macy et al., 1930; Macy 
and Hunscher, 1934) indicated nitrogen retention of the order of 200-400 gm in cxcess 
of requirement of foetus and accessory organs. Gary and Stivens (1936) ; reviewing the 
nutritional requirement in pregnancy, concluded that 135-145 gm. nitrogen or900-95) gm. 
protein over and above the normal requirement is needed during pregnancy for the growth 
of foetus, adnexa and mammary tissue. The quantity of protein laid down during the 
course of pregnancy has been computed by Thomson and Hytten (1960). This is shown 
in Table 7. The quantities of protein laid down during different states of pregnancy as 
shown in Table 7 are 0.5, 3.0, 4.5, 5.7 gm. protein daily, during successive quarters of 
pregnancy. The growth ofthe products of conception and enlargement of organs of 
reproduction account for only about 8 kg. (or 66 %) of the actual gain in weight of 12 kg 
observed during pregnancy. Gain in bodyweight observed in Indian women belonging to 
the poor socio-economic group, during pregnancy is about 6 kg. and the birth-weights of 
babies born to them are also low. Even if all the weight increase is due only to the growth 
of foztus and enlargement of reproductive organs, total protein deposited during pregnancy 
in thes: women is mich smaller than the above figure computed for well-nourished women. 
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The lower values for gain in bodyweight observed in pregnant women belonging to the 
poorer segments of population cannot be taken as representing optimum for Indian 
women. Inthe absence of reliable data on protein deposited during pregnancy in healthy 
well-nourished Indian women, the figures suggested for Western women may be accepted 
for Indian women also. On the basis of the above data additional requirement of a refer- 
ence protein during the 2nd and 3rd timester to meet the demands of pregnancy will be 
5.0 gm. per day. With an allowance of 20% for the individual, an extra allowance of 6.0 
gm. of reference protein per day during latter half of pregnancy has been suggested by the 
FAO/WHO Expert Group (1965). Similar allowance can be recommended for the Indian 
women during pregnancy. This allowance, in terms of proteins contained in Indian 
dietaries with a NPU of 65%, will be 10 gm. per day. Total daily protein allowance for 
an average pregnant woman with bodyweight of 45 kg will b2 55 gm./day. 


TABLE 7 


Protein laid down during pregnancy 


State of gestation (weeks) 


10 20 30 40 
Additional protein (gm.) 
in products of conception 2 45 220 540 
Uterus and mammary | ) 
glandular tissue 30 130 180 200 
Maternal blood — 60 140 200 
Total 32 235 540 940 


3. 6. 3. Protein Allowance during Lactation: 


Extra protein needed during lactation can easily be calculated from the breast 
milk output and its protein content. Gopalan and coworkers have provided extensive 
data for the milk yield in lactating women belonging to the low socio-economic groups. 
The average milk output has been found to be 600 ml. per day witha normal protein 
content (1.2 gm./100 ml.) (Belavady and Gopalan, 1959). Milk output upto 800 ml. 
per day has been observed by these workers. The FAO/WHO Expert Group (1965) 
has recommended an additional allowance of 15 gm. reference protein per day assuming 
upper limits of milk output of 1200 ml. The optimum milk output in well nourished 
Indian women during lactation is not known with certainty. If an output of about 
800 ml. of breast milk per day is considered optimal for a majority of Indian women, 
additional protein required in terms ofa reference protein to compensate for the 
protein secreted in milk will be 10 gm. per day. On this basis the additional 
allowance of protein for Indian women during lactation will be 10 gm. of a 
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reference protein per day. This allowance, in terms of a dietary protein of NPU 65, will 
be 15 gm. per day. However, itis not certain whether the efficiency of utilization of 
dietary protein for milk protein synthesis is the same as for tissue protein synthesis. In 
fact it may be lower. In the absence of any reliable figure for the efficiency of conversion 
of dietary proteins to milk proteins, a tentative figure of 50% is suggested. If a 50% 
conversion efficiency is assumed, additional allowance of dietary protein during lactation 
for Indian women will be 20 gm. per day. Total daily allowance of protein for a lactating 
woman of 45 kg. body-weight will be 65 gm. 


Protein allowances for Indian women during pregnancy and lactation are shown in 
Table 8. 


TABLE 8 


Suggested Allowance of Protein During Pregnancy Lactation 


Normal Additional Total daily 
intake allowance allowance 
(gm.) (gm.) (gm.) 
Pregnancy 45 10 55 
Lactation 45 20 65 


ee 


Note : Pregnant and lactating women belonging to the low socio-economic group with poor body 
protein stores may benefit from 85 and 1€0 gm. protein per day. 


3.7. Protein Requirements in Infancy and Childhood : 


Protein allowances for infants and children should meet the requirements for growth 
as well as for maintenance. In the case of infants, an allowance has to be made for the 
chemical maturation. Nitrogen concentration of the fat free tissue increases from 2% at 
birth to 3% by the first year and then reaches the mature composition of 3.3% by the age 
of four years (Holt et al/., 1960). Protein requirements of infants and children can be 
assessed from the protein intakes which result in satisfactory growth. Alternatively this 
problem can be approached by measuring the protein intake for maximal nitrogen reten- 
tion by carrying out nitrogen balance at different levels of intakes. The former approach 
has been used by several investigators (Foman and May, 1958 ; Foman, 1960; Omans 
et al., 1961 ; Snyderman et al., 1958) to assess the protein requirement of infants by 
measuring their growth on known intakes of breast-milk or cow’s milk. 


Experimental studies designed to determine protein requirements of Indian infants 
and children are extremely scanty. Gopalan (1956) studied growth of breast fed infants 
of Indian women, from the age of one week to twenty-two weeks and from a knowledge 
of the amount of milk ingested by the infant the actual protcin intake at different periods 
was calculated. It was observed that a protein intake of 1.1 gm./kg. at sixth month and 
of 2.0 gm./kg. in the first fortnight was found to be adequate for a satisfactory growth as 
judged by the growth rate which was comparable to that of American children and by 
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other criteria like doubling of birthweight in four months. These data are set out in 
Table 9. These values are not very much different from those arrived at by the Expert 
Committee of the FAO/WHO which computed the protein requirements of infants based 
on available information on growth of infants of known intakes (vide Table 10). 


TABLE 9 
Intake of Protein by Breast-fed Infants 


Weeks of Average Average milk yield Average protein 

lactation weight in 24 hours intake per kg. 

(kg.) (ml.) of bodyweight 

ee ae 

| 2.78 454 . 2.0 
2 2.92 477 2.0 
3 a42 480 —«1+«8 
4 3.27 497 1.9 
a 3.72 500 1.6 
6 4.20 474 1.4 
10 — 4.40 471 1.3 
12 4.57 517 | | 14 
14 4.83 528 LZ 
16 5.11 514 1.2 
18 of 454 iZ 
20 > Fn 7 506 1.2 
22 5.77 517 1.1 


i 


3.7.1. Protein Allowance of Infants : 


Protein requirement of infants up to six months of age can be met solely by breast 
milk. It is suggested therefore that the protein allowance for Indian infants upto six 
months of age will be in terms of milk proteins on scales recommended by the FAO/WHO 
Expert Group. For infants between six months to one year, however, breast milk alone 
does not satisfy their protein needs and supplementary proteins have to be provided. The 
supplementary proteins for Indian infants of this age-group are most likely to be in the 
form of vegetable proteins. Therefore protein allowance for infants of this group can be 


made in terms of vegetable proteins. It should be pointed out, however, that part of their 
protein intake must be derived from milk. 


Daily protein allowance suggested for Indian infants is given in Table 10. Since 
the infants are growing rapidly the allowances are given per kg. of body-weight. Actual 


intake should be calculated on the basis of the expected ideal body-weight of these infants 
at different ages. 
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TABLE 10 


Protein Allowance for Infants 
a 


Protein allowance (gm./kg. bodyweight) 


Age in mea: 

months FAO/WHO Suggested for Indian 
Figures (a) infants 

0-3 yi 2.3 (*) 

3-6 1.8 1.8 (#) 

6-9 1.5 1.8 (5) 

9-12 1.2 1.5 (b) 


(a) In terms of milk protein, 
(b) In terms of vegetable protein, NPU 65. 


3.8. Children : 


Continuous nitrogen balance determination in children upto the age of 1-10 years 
have been carried out by Stearns er al., (1958) to arrive at their protein requirements. Such 
an approach has yielded comparatively high figures (3.3 gm./kg.) for the protein require- 
ment of children. The Expert Committee of the FAO/WHO (1965) has however employed 
the factorial approach to calculate the protein requirement of children. Protein require- 
ments of children above the age of onc .car have been computed from the obligatory 
nitrogen loss calculated in the same way as for adults and the protein required for satis- 
factory growth rate, the latter beirg bascd on the bodyweight incrcase and the protein 
component of bodyweight increase which is 18% of the weight gain. There js paucity of 
information which can be used to calculate the protein requirement in Indian children. 
Even the available information on growth rate of children pertains largely to undernouri- 
shed segments and that information cannot be used to compute normal protein requirements. 


3.8.1. Protein Allowance for Children : 


Protein requirements of Indian children computed by the factorial method are given 
in Table 11. Values for endogenous fecal and urinary nitrogen loss per kg. of body weight 
determined in Indian adults and requirement for growth as employed by the FAO/WHO 
Committee were used in these computations. For calculating endogenous urinary nitrogen 
loss a figure of 1.5 mg./basal calorie has been employed since this was the value 
experimentally determined in Indian adults. The requirement figures thus obtained for 
different age-groups are in terms of a reference protein per kg. of bodyweight. To 
translate this into practical allowances in terms of dictary proteins, for reasons discussed 
earlier (vide Page 14) a value of 50% for the net protein utilization of the dietary protein 
in Indian children has been employed. Total daily allowances of protein per day for 
children of different age-groups calculated by multiplying the allowance per kg. body- 
weight, by the bodyweight at different ages, has also been given in Table 11. Available 
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data on bodyweight of Indian children pertain to undernourished population who do not 
exhibit full growth potential. Limited studies on growth of children in India (Taneja, 
1967) indicate that well nourished children can attain bodyweights comparable to those 
reported for Western children. Therefore, bodyweights intermediate between the actual 
bodyweights and the ideal bodyweights have been employed to compute the total daily 
requirements of Indian children. 


3.9. Protein Requirement in the Undernourished Population : 


The question whether protein allowance for chronically undernourished subjects 
should be different from those of well-nourished individuals is often raised. 


3.9.1. Adults : 


In the case of adults studied by Pasricha ef a/ (1965), it was shown that the mini- 
mum protein required for maintaining nitrogen equilibrium in well-nourished and in 
undernourished subjects is essentially the same. It has been demonstrated in a recent 
study by Gopalan and Narasinga Rao (1966) that undernourished subjects, however, have 
very poor body stores of labile proteins. These subjects had labile protein stores less 
than 1% body-weight compared to 3-5% observed in well-nourished individuals. Though 
the significance of labile protein stores is not clearly understood, its possible beneficial 
influence under conditions of stress is recognised. Population groups who are chronically 
undernourished with poor protein stores may need extra protein over and above the 
minimal needs to replenish their protein stores. A minimum intake of protein for main- 
taining nitrogen equilibrium would never provide them with a chance to replete their body 
stores of protein. 


3.9.2. Pregnancy and Lactation : 


A similar situation also exists in the case of lactating and pregnant women belonging 
to the low socio-economic group. They are generally grossly under-weight with poor 
protein reserves. This fact also was demonstrated by the nitrogen balance studies men- 
tioned earlier (Jayalakshmi et al., 1959 ; Narasinga Rao et a/., 1958). In these cases also 
there is a need for additional protein allowance for the repletion of tissue protein which 
would enable these women to withstand better the stress of pregnancy and lactation. 


3.9.3 Infants and Children : 


It was observed by Gopalan (1956) that though the growth rate of indian infants was 
comparable to that of American infants, actual body-weights of the infants studied were, 
however, low. Indian children of other age-groups belonging to the poorer segments of 
population are also underweight compared to the American counterpart. Growth per- 
formance of well-to-do Indian children has been shown to be comparable to that of 
Western children (Taneja, 1967). It might be argued that protein allowance for under- 
nourished Indian infants and children, based on their actual bodyweights, may be less 
than that allowed for American children because of lower bodyweights of the former. 
Some argue that protein allowance for children, who are underweight, should be based on 
the ideal weight for the age rather than on the actual bodyweight, It might be 
expected that such an extra allowance of protein would help accelerate the growth 
of undernourished children. This possibility was investigated both in  breast- 
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fed infants andin young childern at the Nutrition Research Laboratories. Breast fed 
infants of women belonging to the low socio-economic group were given extra milk so 
that the breast milk and supplement together provided nearly 2-2.5 gm. of protein per kg. 
of expected body-weight, for a period of nine months (Venkatachalam et al., 1967). The 
growth rate and other anthropometric parameters in these children, however, were not 
significantly different from those of the control babies who were similarly breast fed but 
not given any protein supplement. In another study lasting for nine montns a group of 
children aged 5—10 years from a local orphanage were given a protein supplement of 
18 gm, so that their total daily protein intake corresponded to the recommended allowance 
on the basis of the expected ideal body-weight (Darshan Singh and Swaminathan, 1966). 
Such a supplement did not increase their weights and heights over those of the children of 
the control group given placebo containing equal quantity of calories. In both these ex- 
periments, no beneficial effect of extra protein supplement was observed. These studies do 
not necesiarily prove that extra protein supplementation in undernourished children over 


TABLE 12 


Suggested Dietary Protein Allowances for Indians 


Comparison of the scales of daily protein allowances as recommended by the 
Nutrition Advisory Committee in 1944/1958 and as revised at present. 


Recommended in 


Particulars Revised 
1944 1958 
eee 
Man (55 kg.) 82 gm, 55gm. 55gm. 
Woman (45kg.) 67 gm. 55 gm. 45 gm. 
Woman, pregnancy 100 gm. 55 gm. 
Woman, lactation 110 gm. 70 gm. 
Infants O—3 months 2.3 gm./kg. 
3—6 months 1.8 gm./kg. 
6—9 months 3.5 gm./kg. 1.8 gm./kg. 
9-12 months 1.5 gm./kg. 
Children 1 year 3.5 gm./kg. 16.5 gm. 
2 years 3.5 gm./kg. 18 gm. 
3 years 3.5 gm./kg. 20 gm. 
4—6 years 3.5 gm./kg. 22 gm. 
7—9 years 3.0 gm./kg. 33 gm. 
10-12 years 3.0 gm.|kg. 41 gm 
Boys 13-15 ycars 2.5 gm./kg. 55 gm. 
16-19 years 2.0 gm./kg. 60 gm. 
Girls 13-15 years 2.0 gm./kg. 50 gm. 
16-19 years 2.0 gm./kg. 50 gm. 
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and above the amount computed on the actual weight basis has no beneficial effect. Since 
the normal diets of these children were deficient in several other nutrients like calories, 
Vitamin A and calcium, beneficial effect of protein supplementation was perhaps not felt. 
Reduced intake of their normal diet during these supplementations may be another reason 
for not observing the beneficial effects of supplementation. 


Dietary allowance of proteins for different groups as suggested at present has 
been summarised in Table 12. It will be seen that there are no alterations in allowances 
for adults in the levels recommended in 1958. As regards protein allowances during preg- 
nancy and lactation the levels recommended in 1944 have been scaled down. Protein 
allowances for children of different age-groups have been given in terms of total daily 
allowance and these allowances are based on allowance per kg. of body-weight which are 
lower than those recommended in 1944, 
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4. FAT 


Next to carbohydrate, fat in the diet is an important source of food energy. 
Apart from being a concentrated source of energy, it serves two important functions in the 
diet. A certain amount of fat is necessary in the diet to help absorption of fat -soluble 
vitamins like Vitamin A. Fats also provide the essential nutrient, the so called ‘‘essential 
fatty acids” or polyunsaturated fatty acids like linoleic and linolenic. These essential fatty 
acids are required by the body for growth and to maintain integrity of the skin. Phryno- 
derma, a nutritional deficiency disease of skin, is attributed partly to the dietary deficiency 
of essential fatty acids (Gopalan, 1947; Menon et al., 1950). These essential fatty acids 
are present in vegetable oils in fairly large amounts. Animal fats are poor sources of 
essential fatty acids. The requirement of essential fatty acids appears to be greater in 
children than in adults. Apart from serving as vehicle for fat soluble vitamins and provid- 
ing essential dietary factor, the polyunsaturated fatty acids, fats in the diets improve their 
palatability and increase gastric emptying time. 


The optimum quantity of fat that hasto be included in the diet is not known 
with certainty. At least, a minimal amount of fat should be present in the diet to provide 
the essential fatty acids and to facilitate absorption of fat soluble vitamins. Excess of fat 
on the other hand, especially the saturated fat in the diet, has been known to be undesir- 
able. Foods, rich in fat, bring about increased blood cholesterol. Epidemiological studies 
indicate that hypercholesterolemia is associated with coronary heart diseases. In popu- 
lation groups whose diets contain fat calories to the extent 40%, hypercholesterolemia and 
coronary heart diseases are widely prevalent. 


While a percentage of calories are derived from fat in the dietaries of the 
population in developed countries, the diets of the population in underdeveloped and 
developing countries are low in fat content, most of the calories being derived from 
carbohydrates. Available diet survey data in India (Visweswara Rao, 1967) have shown 
that in an average Indian diet, only 9-13% calories are derived from fats. Fat intake 
per consumption unit has been computed to be about 30 gm. Of this, visible fat in the 
diet is only 44%. This means that the average Indian diet contains only 13-14 gm. of 
visible fat. Diet survey in the children, suffering from phrynoderma, indicated that their 
fat intake was only 11.6 gm., of which 30% was visible fat and contained 3.2 gm. of 
linolenic acid (Srikantia and Belavady, 1961). The diets of these children were deficient 
in other B-complex vitamins as well, 
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Though the present knowledge does not permit fixing the dietary allowance of fat 
with certainty, the minimum amout of fat andthe upper desirable level can be indicated. 
The minimum amount of fat in the diet should be such as would fulfil the two functions 
mentioned above, i.e., providing vehicle for fat-soluble vitamins and supplying essential 
fatty acids. Clinical experience has indicated that 3-4 gm. fat, taken along with carotene 
or Vitamin A, is sufficient to ensure the absorption of the vitamin in malnourished 
children (Vinodini Reddy and Srikantia, 1966). It was observed by Srikantia and Belavady 
(1961) that a daily intake of 3 gm. or less of polyunsaturated fatty acids was associated 
with phrynoderma in children and that the reversal of the symptoms could be obtained 
by administration daily of 10 gm. of safflower oil containing 7 gm. of polyunsaturated 
fatty acids. From this, it can be concluded that the human requirement of essential fatty 
acids is around 5 gm. per day. 


On this basis, it can be suggested that daily intake of 15 gm. of visible fat in the 
form of vegetable oils like safflower, sesame,groundnut, which contain 5-10 gm. of polyun- 
saturated fatty acids, appears to satisfy the minimum essential fatty acid requirement and 
to facilitate absorption of fat soluble vitamins. While it is comparatively easier to suggest 
the desirable minimum level of fat in the diet, it is rather difficult to fix the desirable 
upper limit in view of the fact that the level of fat in the diet that may be harmful depends 
upon several factors like physical activity, polyunsaturated fatty acid content, etc. How- 
ever, epidemiological data indicate that intake of fat which provides more than 40% of 
total calories is associated with atherosclerosis. Therefore, it can be arbitrarily suggested 
that it is desirable that not more than 30% of dietary calories should be derived from fat. 
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5. CALCIUM 


5.1. Human Calcium Requirement : 


The Nutrition Advisory Committee recommended in 1944 a daily allowance of 
calcium as follows: 1.0 gm for adult, 1.5 gm for pregnant woman, 5.0 gm. for lactating 
mother and 1.0-1.5 gm for children. However, recent thinking on human calcium 
requirement has been that these allowances are rather high, and that levels of calcium 
intake of these dimensions are neither necessary nor easy to achieve in practice in countries 
where dietary calcium is mostly obtained from cereals and other vegetable foods and only 
to a limited extent from milk and milk products. Dietary intakes of calcium of the above 
order have been observed only in Western countries where milk and milk products 
contribute nearly 80% of the total calcium intake. Large sections of world’s population 
have been living for centuries on calcium intakes much below (500 mg. or below per caput) 
the recommended levels and apparently no specific illeffects due to calcium deficiency have 
been encouuntered. Long-term balance studies (Nicholls and Nimalasuriya, 1939: 
Hegsted et al., 1952; Malm, 1958) have also indicated that calcium balance could be 
achieved at much lower levels (300-500 mg.) of intakes than 1 gm. calcium per day. Such 
balance studies (Hegsted et al., 1952) in the population groups (viz. Peru) who are habitu- 
ally consuming low levels of calcium have also yielded similar results. One interesting 
feature with regards to calcium is that the body can adapt to wide range of intakes remar- 
kably well. In view of such compelling evidence, the Expert Group of the Food and 
Agriculture Organization/World Health Organization (1962) have recently suggested 
practical allowances for calcium for different groups which are nearly half of the earlier 
accepted values. This Group, however, felt that available data on calcium require- 
ment were not sufficient to justify recommenation of definite figures for calcium allowances 
and, therefore, suggested only range of fligures. These ate shown in Table 13. 
In recent years, the allowance of calcium has been reduced in many other countries 
also. Recommented adult allowances range from 0.5 to 0.8 gm. per day instead ef 
1.0 gm. per day 
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TABLE 13 


Dietary Allowance of Calcium suggested by the Expert Group of the Food 
and Agriculture Organization|World Health Organization. 


Age-group Suggested practical 
(years) allowances mg./day 
‘4 500—600 
1— 9 400—500 
10—15 600—700 
16—19 500—600 
19 + 400—500 
Pregnancy and Lactation 1000— 1200 


5.2. Calcium Requirement of Indians : 


Available information on calcium requirement of Indians is rathcr limited, 
However, data from diet survey and metabolic experiments, point out that the carlier 
recommended levels are high and the calcium. requirement can be met by lower levels of 
intake. . : | 


5.2.1. Diet Survey Data: 


Diet surveys carried out in India (Mitra, 1953) have shown that the average calcium 
intake is in the neighbourhood of 469 mg. per caput. More than 60% of this calcium is 
derived from cereals and other vegetable foods. Further, availability of calcium in such 
foods may be limited by associated factors like phytate, oxalic acid and high phosphorus 
content. Average intake of calcium of the predominantly rice cating population may be 
lower than the above figure. The only group which consumes a high level of dietary 
calcium is the one whose staple cereal is ragi which is known for its high calcium content. 
Though the average intake of calcium by Indians is not more than 500 mg. per day, there 
is no evidence of apparent ill-effects attributable to calcium deficiency. Analysis of sk -le- 


tons of Indians by Shenolikar (1966) has )hown that these bones had normal calcium 
concentration. 3 


5.2.2. Metabolic Studies : 


A few calcium metabolic studies, carricd out in Indian adults, also indicated 
that calcium balance is achieved at relatively low intakes. Basu and his co-workers 
(Basu et al., 1939; Basu and Ghosh, 1947 ; Basu and De, 1948 ; Basu and Nath, 1946) 
have carried out calcium metabolism studies in Indian male adults on low calcium 
intakes roughly corresponding to intakes on their normal diets. They consider from 
one of theit metabolic studies that 388 mg. per day may b> th: maintenance require- 
ment of calcium for Indians. From other studies of theirs, it can be seen that positive 
calcium balance could be achieved at intakes ranging from 177 to 485 mg./day. Cal- 
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cium balance studies, carried out at the Nutrition Research Laboratories (Shenolikar, 1968) 
also indicated that calcium balance can be achieved in Indian subjects on low intakes. 
Calcium balance study was carried out in four female and three male adult subjects on 
intakes corresponding to their normal intakes. All the four women with calcium intakes 
in the range of 386-448 mg./day were in positive balance. Of the three men studied, two 
Were in positive balance on calcium intake of 500 mg./day and one was in negative 
balance ona similar intake. These balance studies, notwithstanding their limitations, 
indicate that Indian adult can be in calcium balance on intakes ranging from 250-500 mg. 
Adult women appear to be better adapted to lower intakes. 


One source of calcium loss from the body, which is not taken into account in 
balance studies, is loss through ‘sweat. This loss has to be taken into consideration in 
computing calcium requirement. Apte and Shenolikar (1967) found calcium concen- 
tration in thermal sweat of Indian adult subjects to be 7 mg./100 ml. They computed 
the total daily loss of calcium through this source to be about 60 mg. 


The FAO/WHO Committee (1962) has suggested dietary allowance of 400-500 
mg. and this adults. Inthe light of the available data this appears to be a reasonable 
allowance of calcium for the Indian adult also. 


5.3. Calcium Allowance in Pregnancy and Lactation 


The quantity of calcium deposited in foetus has been computed to be about 
30 gm. and this takes place mostly in the third trimester. This corresponds to a depo- 
sition of 300 mg. calcium per day during the third trimester. Increased calcium 
' requirement during pregnancy is compensated by adaptation and better conservation of 
dietary calcium. This point is illustrated by the calcium balance study during pregnancy 
carried out at the Nutrition Research Laboratories (Shenolikar, 1968). Twelve expectant 
mothers were subjects for this study. Calcium balance was determined during three 
trimesters in thes: subjects on intakes ranging from 420 to 457 mg./day calcium, a level 
of intake which they were accustomed to. On these intakes, six subjects were in positive 
balance and six subjects were in negative balance during the first trimester. However, 
in the second and in the third trimesters all the subjects were in positive balance on the 
same intakes. This study would appear to indicate that on a given calcium intake, body 
tries to conserve dietary calcium during pregnancy. 


During lactation, calcium drain fromthe body is somewhat more. Normally 
200-300 gm. of calcium is computed to be secreted through milk. Studies by Belavady 
and Gopalan (1959) indicate that nursing mothers, belonging to the low socio-economic 
group, secrete onthe average 200 mg. calcium a day (30-41 ae ml-600 ml. milk) 
in breast- milk. 


It would appear, therefore, that an additional intake of caicium, to result in 
aretention of about 300 mg. calcium/day, is necessary during pregnancy and lactation. 
The level of calcium intake, which would result in such retention, is not known exactly 
in normal Indian women during pregnancy and lactation. Taking into consideration 
wide individual variations in absorption and retention of dietary calcium, an intake of 
gm. of calcium may be expected to cover the calcium needs in pregnancy and lactation. 
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5.4. Infancy and Childhood : 


Calcium requirements in early infancy can be computed from calcium intakes 
through breast-milk of healthy infants solely breast-fed. On this basis, upto six months 
of age calcium intakes of about 300 mg. would satisfy their needs. The FAO/WHO 
Expert Group have suggested an intake of 500-600 mg. calcium a day for infants up to 
the age of one year when artificially fed. 


Calcium requirement during growth can be computed either by balance studies 
or by considering the amount of calcium acretion during he periods of growth. The 
latter is calculated from the calcium content of body at birth and at adulthood. At 
birth, foetus contains 20-35 gm. of calcium, anda body of an adult weighing 50-70 kg. 
contains 850-1400 gm. calcium. This amount of calcium, i. e. 1200 gm. deposited 
over a period of twenty years, corresponds toa daily average calcium retention of 165 
mg./day. Skeletons of cadavers of Indian adults, analysed by Shenolikar (1966), have 
been shown to have normal concentration of calcium. The total skeletal calcium (99% 
of body calcium) was found to be 671 gm. for females and 682 gm. for males. The 
lower figures may be a reflection of lower body size of these subjects. 


Diet surveys indicate that the average daily calcium intake of children in India 
is 200 mg. or less. However, Kurian et al. (1961) have shown that children (10-11 
years) can be in positive calcium balance of 120 mg./day even on low intakes of 354 mg. 
per day. The dietsurvey data would indicate that calcium intakes of Indian children 
are sub-normal andthe stature and growth of these children also are substandard. 
Attempts to demonstrate that sub-normal growth of Indian children is due to low calcium 
intakes have not yielded conclusive results. Aykroyd and Krishnan (1938, 1939) 
demonstrated that calcium lactate Supplementation (0.5-1.0 gm./day) to group of children 
aged 21-7 years, with sub-normal dietary calcium intakes of 310 mg. a day, resulted in 
an improved growth. However, in a recent study by Bhansal et al. (1964) at the 
Nutrition Research Laboratories, supplementation of calcium glycerophosphate (2.5 gm. 
to children below 1 year and 5 gm. for those above 1 year) for a period of fortytwo 
weeks to a group of children of 6-30 months in a rural community, with calcium intakes 
of 178-85 mg./day, on their usual diets, did not bring about any improvement in growth. 
These studies thus leave the question of calcium requirement of Indian children still open. 


In the absence of any definitive data on calcium requirement of Indian children 
of different age-groups, the suggested allowances of dietary calcium by the FAO/WHO 
Expert Group can be adopted for Indian children for the present. 


A brief review of available studies bearing on the calcium requirements of Indians 
indicates that there are not sufficient data to make specific recommendation of calcium 
allowance for Indians. However, these data suggest that considerations, viz low intakes, 
adaptation to low intakes and absence. of specific calcium deficiency states, which prom- 
pted the Expert Group of the FAO/WHO to lower the level of conventional calcium 
allowance, also apply to situation that exists in India. Therefore, the practical allowance 
of calcium suggested by the FAO/WHO Expert Group can be adopted for Indians also 
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In the case of pregnancy and lactation, however, an intake of 1000 mg. has been sugges- 
ted. Suggested dietary allowances of calcium are shown in Table 13a. 


TABLE 13a. 
Suggested Dietary Allowance of Calcium for Indians 


Age-group Calcium allowanee 

(mg. /day) 

Man 

Adult Woman he 400—500 

Pregnancy and Lactation a 1000 
Children 0—12 months 500—600* 
1— 9 years 400—500 
10—15 years 600—700 
15—19 years 500—600 


*Applies to artificially fed infants. Breast-fed infants need no additional supplement. 
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6. IRON 


6.1. Introduction : 


The question of iron requirement assumes special significance in the context of 
widespread prevalence of iron deficiency anaemia in India. Nutrition Surveys, carried 
out by the Nutrition Research Laboratories and others, indicate that about 20% of the 
Indian population suffer from iron deficiency anaemia. This incidence is even higher 
among women of child-bearing age. This situation exists with seemingly satisfactory 
intake of dietary iron as revealed by diet surveys. 


The Nutrition Advisory Committee recommended, in 1944, dietary allowance of 
iron for adults : 20-30 mg. and for children 10-30 mg. Separate allowance figures were 
not given for different age-groups and for different physiological states like pregnancy. A 
re-evaluation of dietary allowances of iron for Indians becomes necessary in the light of 
considerable amount of research on iron metabolism and iron requirement in Indians, done 
during the last decade. 


6.2. Human Requirement of Iron: 


Iron allowance for an adult, adopted by different countries, ranges from 6 to 
15 mg. per day. The National Research Council of U.S.A, (1964) has recommended the 
following dietary allowances of iron (mg./day): adult men, 10; adult women, 15 ; preg- 
nancy and lactation, 20; infants, 1 mg./kg; children, 8-15. Dietary allowances of iron 
recommended by the National Research Council of U.S.A. and other bodies are shown in 
Table 14. These allowances seemto be adequate in temperate climates and when the 
dietary iron is present ineasily assimilable form. However, in a tropical country like 
India, iron losses are likely to be greater and the iron is mainly derived from cereals and 
other vegetable foods which contain factors like phytates, phosphates which interfere 
with iron absorption. These dietaries are also deficient in factors like ascorbic acid which 
facilitate iron absorption. These factors have to be taken into consideration in evaluating 


iron needs of the Indian popul..tion. 


Iron requirements of different groups are computed mainly by the factorial 
approach. Iron requirement is equated to iron lost through urine, sweat and blood. 
Dietary iron intake to replace these losses is computed after taking into consideration the 
extent of absorpition of food iron. Iron absorption is physiologically regulated and is 
influenced by a variety of dietary factors. Iron requirement during growing period is 
computed by taking into consideration iron losses and increase in body iron that takes 
place during growth. Body ironin an adult ranges from 2to4 gm., of which 70% is 
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haemoglobin iron, 15% functional tissue iron and 16% storage iron. Body iron content of 
infant at birth is about 0.27 gm. 


TABLE 14 
Dietary Allowance of Iron Recommended by Different Organizations (mg./day) 


Indian British World = National © American 
Council Medical Health Research Medical 
Group of Medical Associa- Organiza- Council Associa- 
Research tion tion of U.S.A. tion 

(1944) (1950) (1959) (1964) (1966) 
Men 12 10 10 10 
Menstruating women 12 12 15 20 

Le 20-30 

Pregnant women | 15 15 20 35 
Lactating women 15 15 20 — 
Adolescent girls } 15 15 16 12-25 
Adolescent boys _— + 10-30 ae 15 1 i 
Infants and children : 7-3 5-12 10-15 10 


6.3. Iron Requirement of Indians : 


Research carried out on several aspects of iron requirement of Indians will be 
briefly reviewed. 


6.3.1. Intake of Dietary Iron by Indians : 


Results of diet surveys in India(Ramalingaswami and Patwardhan, 1949; Mitra, 
1953) indicate that the average intake of iron is 30 mg. per day per consumption unif, the 
range being 6 to 109 mg. Diet survey results suggest that 6% of the average families 
studied had dietary iron intakes less than 15 mg., and 10% less than 20 mg. To this, one 
Should add iron derived from cooking vessels. Studies at the National Institute of Nutrition 
ries have shown that a significant amount of iron can be derived from this source. Not- 
withstanding the uncertainties of iron intake figures obtained from diet surveys, it is 
evident that the average dietary intake of iron by Indians is by no means low. It is sur- 
prising, therefore, that iron deficiency anaemia should be so widely prevalent. It is 
possible that the intake of'iron by the anaemia subjects may be marginal. Indeed the 
results of duplicate meal analysis of diets of anaemic subjects, carried out at the 
National Institute of Nutrition have shown that nearly half the subjects had marginal or 
low intakes while the other half had intakes which were quite high compared tothe Western 
recommended allowances. It would, therefore, appear that there are other factors like 


poor absorption of dietary iron or excessive loss of body iron operating under these con- 
ditions. 


bal oe we a 
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6.3.2. [ron Absorption : 


Several iron balance studies in healthy Indian adults, consuming different types of 
diets, have been carried out employing chemical balance method. Apart from determining 
iron absorption from these diets, effects of phytate, calcium and ascorbic acid on absorp- 
tion of iron from the above dietaries have also been determined. De (1950) reported 
that the iron retention was 5.86 mg. when iron intake was 24.84mg. It was 
observed by Hussain and Patwardhan (1959a) that 20% of iron was absorbed from a well- 
balanced diet based on rice or;wheat containing 38.44 mg. iron. Cereals, which form a 
major part of the Indian dietaries, contain phytate which interferes with iron absorption. 
Hussain and Patwardhan (1959a) have shown that in balanced diets containing 8 and 40% 
phytate, iron absorption was markedly reduced to 11 and 3% respectively. In another 
experiment, Apte and Venkatachalam (1962a) showed that/an intake of about 20 mg. of 
dietary iron was necessary to result in any significant absorption of iron when the diet 
contained cereals with 40% phytate. It is known that dietary calcium combines with phytate. 
It was shown by Apte and Venkatachalam (1964) that the iron absorption from diets, con- 
taining phytate, could be increased by increasing the dietary calcium. Iron absorption from 
such a diet, containing 1500 mg. calcium, was found to be maximal. Ascorbic acid also has 
been shown to improve iron absorption by these workers (Apte and Venkatachalam, 1965). 
It would appear from these studies that though iron absorption is decreased by phytate 
present in cereals and other foods, liberal amounts of calcium and ascorbic acid in the diet 
seem to counteract the phytate effect. However, diets of poorer segments of population in 
India not only are rich in cereals containing phytates but are poor in calcium and ascorbic 
acid and hence iron absorption may be expected to be poor on these diets. Chemical 
balance studies, employing such diets, gave values for iron absorption ranging from 7% to 
28% with an average of 13% {Apte and Venkatachalam, 1965). 


From all the available data on iron absorption, it can be suggested that a value 
of 10% may be used for computing the absorption of iron contained in an average Indian 
diet while making dietary allowance of iron for Indians. 


6.3.3. Iron Losses : 


In arriving at the human iron requirements, iron excretion from the body through 
different routes has to be considered. Major routes of iron losses are (i) haemoglobin 
iron loss through haemorrhage : (ii) iron excretion through urine, sweat and bile; and ( iii) 
desquamation of iron containing cells from the gastro-intestinal tract and skin. 


Urinary output of iron has been estimated to be 0-1 mg. or less per day. Gastro- 
intestinal loss of iron has been estimated to be 0.2-0.5 mg. by different workers (Ingalls and 
Johnston, 1954; Dubach et al., 1955). Dermal losses may be an important source of iron 
loss in tropics. Hussain et al. (19595), 1960) and later Apte and Venkatachalam (19625) 
and Apte (1963) carried out several studies to assess the dermal loss of iron in Indians. In 
these studies, it was observed that dermal loss of iron in the volunteers studied varied from 
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0.58 to 3.22 mg./day. On the basis of these results, it was suggested that non-haemoglobin 
loss of iron in Indians is probably in the range of 0.8-2.6 mg./ day, with an average of 1.7 
mz./day. Ifa2)% allowance is mid: for inlividual variability, body requirement of 
absorbed iron for an adult, to replace iron losses, will be 2.0 mg. per day. This, in terms of 
dietary iron, will be 20 mg./day. To this figure should be added loss of haemoglobin iron 
during menstruation in women. Apte and Venkatachalam (1963) determined menstrual loss 
of iron in Indian women. This loss was shown to be 8 to 30 mg. per period, or 0.3 to 

1.0 mg. of iron per day with an average of 0.5 mg./day. Taking the upper limit of 1 mg.iron 
per day lost through this source, an additional 1 mg. of absorbed iron should be provided 
for menstruating women. Total requirement of absorbed iron by women who are menstruat- 
ing will then be 3 mg. per day. This allowance in terms of dietary iron will be 30 
mg./day. 


6.4. Pregnancy and Lactation. 


Iron requirements during pregnancy and lactation are increased. Extra iron is 
needed during pregnancy for the foetus and to replace iron lost during parturition. During 
lactation, additional iron is needed to provide for the iron secreted in breast-milk. Apte 
and Venkatachalam (1963) measured iron loss during parturition in twelve subjects. On 
the basis of these results, a Balance Sheet of extra iron demand during pregnancy was con- 
structed. It was estimated that an average additional demand of iron of 150 mg. exists 
during pregnancy. These values are lower than the figure of 320 mg. iron given by the 
Western workers. Based on these results, iron loss during pregnancy can be computed to 
range from 0.5 to 3.5 mg./day, with an average of 1.5 mg. Ifa 20% allowance is made 
for individual variability, extra absorbed iron required during pregnancy will be 1.8 mg./ 
day. Total daily requirement of absorbed iron during pregnancy will then be 3.8 mg./day. 
In terms of dietary iron, daily allowance for pregnant women will be 38 or 40 mg. iron. 
Iron balance study, carried out recently in pregnant women during the three trimesters by 
Apte and Leela Iyengar (1968), also confirms that an intake of about 40 mg. of dietary iron 
per day is necessary to meet the total iron demands during pregnancy. 


Belavady and Gopalan (1959) have reported that mature breast-milk contains 
0.12 mg. iron per 100 ml., with milk yield ranging from 400 to 800 ml. Iron loss during 
lactation through milk in Indian women belonging to the lower socio-ecomic group will be 
0.48-0.96 mg. per day. Iron loss during lactation amounts to 1.0 mg./day if the upper 
limit of milk secretion is considered. Additional requirement during lactation will then be 
1 mg. absorbed iron per day. Total requirement of absorbed iron during lactation 
amounts to3 mg./day. Dietary allowance of 30 mg. iron per day can, therefore, be 
suggested for Indian women during lactation. If the lactating woman is also menstruating, 


the allowance has to be little higher. An allowance of 35 mg. can be suggested in the 
latter case. 


6.5. Infants and Children, 


Total iron requirement druing infancy is considered to be about 0.8 mg. per day. 


Allowing for 10% absorption, an intake of 8 to 10 mg. per day can be considered to be 
adequate. This works out to be about 1.0 mg./kg. 
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Iron requirement for growth varies at different periods of infancy and childhood 
but is maximum in infancy and adolescent period. If one assumes that the normal 
infant at birth has 300 mg. of total body iron and the adult body has about 4 gm. of 
iron, then the average amount of iron required for growth and development is about 
240 mg./year or 0.6 mg./day. Loss of iron in children through other sources is not known 
exactly. It is estimated that an intake of 10-15 mg. of dietary iron per day is expected 
to cover iron requirement for growth and to replace iron lossthrough defferent routes in 
children. Based on iron losses from body, iron requirements of adolescent boys and 
girls may be expected to correspond to those of adult man and woman respectively. 
It is recognised, however, that during adolescence some additional iron is required for 
the adolescent growth, though the extent of this increased requirement is not known. 
Therefore, while recommending dietary allowances of iron, the scales of allowances for 
the adolescent boys and girls should be placed higher than those for the adult men and 
women respectively. 


6.6. Dietary Allowance of Iron for Indians : 
Iron losses and extra iron requirements of different groups have been tabulated 
(Table 15). The suggested iron intakes, to cover these requirements, have also been 


TABLE 15 
Iron Requirement and Suggested Dietary Allowances for Indians (mg./day) 


A yo eR a a ERE i GE ES A 
Absorbed iron required 


eee ee ee eee 
Urine, Menses Milk  Preg- Total Suggested 
Group Sweat nancy dietary 
and allowance 
feces 
i 
Men and 
Post-meno 
Women 2.0 — — — 2.0 20 
Menstruating 
women 2.0 1.0 — — 3.0 30 
Pregnancy 2.0 —- — 1.9 3.8 40 
Lactation 2.0 —- 1.0 -— 3.0 30a 
Adolescent girls 2.0 1.0 — — 3.0 35 b 
Adolescent boys 2.0 — -— — 2.0 25 b 
Children — — — — -— 15-20 
Infants _ = — — — 1.0 mg/kg. 


(a) If the lactating woman is also menstruating, allowance may be raised to 35 mg- 
(b) Additional 5 mg. for adolescent growth. 
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incorporated in this table. A 10% absorption has been assumed in arriving at the dietary 
allowance. 
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7. VITAMINS 


7.1. Introduction: 


The Nutrition Advisory Committee recommended dietary allowances (Table 1) of 
thiamine, Vitamin A, ascorbic acid and Vitamin D for Indians, in 1944, but made no 
recommendations regarding the dietary allowances of riboflavin and nicotinic acid since 
it was felt that sufficient information was not available. 


7.2. Vitamin Allowances Recommended by other National and International Nutrition 
Advisory Bodies : 


When the latest available recommendations of vitamin allowances for the adult 
adopted by different countries (vide National Research Council of U.S.A., 1964) and by the 
Expert Group of FAO/WHO (1967) are compared it is seen that, except for vitamin A 
and ascorbic acid, recommended allowances by different countries are within a narrow 
range. Vitamin A allowances range from 2000 I.U. to 5000 I.U. /day while allowances for 
Vitamin C range from 20 to 70 mg./day. Thiamine allowances vary from 1.2 to 1.6 mg./ 
day for males and 0.7 to 1.4 mg./day for females. Riboflavin allowances lie between 1.4 
to 1.8 mg./day for males and 1.1 to 1.5 mg./day for females. Niacin allowances, which 
are considered together with tryptophan, range between 12-21 mg./day for males and 
10-15 mg./day for females. In the recommendations by the National Research Council 
of U.S.A. (1964), which have been revised from time to time, there has been no recent 
change in the allowances for Vitamin A, ascorbic acid and niacin, but thiamine and ribo- 
flavin allowances have been slightly reduced. The recent recommendations of FAO/WHO 
(1967) with respect to thiamine, riboflavin and niacin requirements, which have been consi- 
dered in relation to calorie intake, are similar to those adopted by other countries. The 
recommended allowances for Vitamin A, however, are lower: 750 pg. (2250 1.U.), when 
the dietary source is retinol, or 4500 sg. when the source is entirely @-carotene. Dietary 
allowances of v.icmins, as suggested by the FAO/WHO Expert Group, are shown in 


Table 16. 


42 


TABLE 16 


Daily Intakes of Thiamine, Riboflavin, Niacin and Vitamin A, as Recommended by the 
FAO/WHO Expert Group (1967) 


Thiamine Ribo Niacin Vitamin A 
Age (mg.) flavin equivalents (retinol) 
(mg.) (mg. ) (ug.) 
Infants 
0-3 months — — — 
4-6 29 =— — ee 
ee ss 0.4 0.6 6.6 300 
Children 
1 year 0.5 0.6 7.6 250 
2 years , 0.5 0.7 8.6 — 250 
3 years . 0.6 0.8 9.6 i 250 
4-6 years 0.7 0.9 11.2 300 
7-9 years 0.8 i.2 13.9 400 
10-12 years 1.0 1.4 16.5 575 
Adolescents 
13-15 years 
Boys 1.2 1.7 20.4 
; 725 
Girls 1.0 1.4 17.2 
16-19 years 
Boys 1.4 2.0 23.8 
| \ 750 
Girls 1.0 io 15.8 
Adults 
Man 1.3 1.8 21.1 
750 
Woman 0.9 1.3 15.2 
Pregnancy 750 
Lactation 1,3 1.9 21.8 1200 
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7.3. General Considerations : 
7.3.1. Methods employed in assessing human vitamin requirements : 


Those based on dietary intakes: One of the rough methods of arriving at the 
vitamin requirements is to consider the intakes of well-nourished and healthy population 
groups. Such intake values would, however, show a wide range and would not give an 
idea of the minimum or perhaps even the optimum requirement of these vitamins. Often, 
these values are likely to represent the upper limits. The minimum intake of these 
vitamins, consistent with good health, can be obtained by acareful study of dietary intakes 
of several healthy population groups with varying levels of intakes. Information as to. 
the levels of intake, which are below the requirement levels, can be obtained from the 
data on dietary intakes of population grou ps in whom clinical evidence of the concerned 
vitamin deficiencies are widely prevalent. To obtain such information, simultaneous diet 
surveys and nutrition surveys of the same population groups are essential. Diet surveys 
of the patients suffering from actual clinical signs of the vitamin deficiencies will also 
yield information on the levels of intakes which are obviously below the minimum 
requirement. 


Human depletion studies: The minimum requirement of vitamins can be assessed 
from long-term depletion studies in human subjects. After depletion and inducing defici- 
ency signs, minimum intakes needed to reverse the signs or minimal intakes needed to 
prevent appearance of such deficiency symptoms may yield information on the minimal 
requirements. Information on the minimum requirement can also b2 obtained in clinical 
studies with patients by determining the minimum amount of the vitamin required to cure 
the clinical symptoms of vitamin deficiency. Such studies, though precise, are time- 
consuming and difficult to perform. However, several such studies to determine require- 
ment of Vitamin C, Vitamin A, riboflavin and thiamine, have been conducted. These 
types of studies yield information on the minimal re quirements of the vitamins, but do not 
give any idea of the optimum intakes which will provide for tissue saturation in case of 
water soluble vitamins or which may provide for reasonable liver storage in the case of 
fat soluble vitamins. 


Studies based on turnover of vitamins: The minimal requirement of a vitamin can 
be considered to be that level of intake which would replace the inevitable losses of the 
vitamins in the body due to metabolism and excretion. Such losses have been determined 
by turnover studies employing vitamins labelled with radioactive isotopes. This approach 
has been used to determine the minimum requirement of Vitamin B,,._ Urinary excretion 
alone of vitamins would not yield information on daily turnover, because some of the 
vitamins may be lost through sweat and bile, or part of it may be oxidized to CO, or 
converted into other metabolic end-products. There are still lacunae in our knowledge 
regarding the end-products of metabolism of several vitamins. Estimation of these end- 
products in urine also presents difficulties. This approach, however, has been employed 
to assess th: r:quirement of thiamine by determining 12 urinary excretion of metabolites 
of pyrimidin? an | t‘iazole moieties of thiamine. It should b: rem2mbered, however, that 
turnover of any Vitamin is related to the body stores of that vitamin. The level of dietary 
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intake of any vitamin would, therefore, depend upon the level of tissue saturation required 
to be maintained. Levels of intake to maintain the tissue fully saturated will be several 
times more than the minimum levels. 


Urinary excretion and tissue levels as related to intake: Studies on urinary cxcre- 
tion of vitamins at varying levels of intakes have also been employed to arrive at the 
minimum requirement. In many instances, urinary excretion increases proportionately 
with increased intake only above a minimal level of intake. For a long time, vitamin 
requirements (optimum) have been determined by urinary excretion studies on different 
levels of intake and return of a test dose of the vitamin. On intakes which provide for 
full saturation of tissu2s, return of a test dos? would b2 very high. This approach would 
not be feasible in all cases, e.g., with fat soluble vitamins and vitamins (viz. thiam‘ie), a 
considerable proportion of which is metabolized to end-products before excretion. 
Optimum requirement of vitamins, like Vitamin C, has also been assessed by determining 
the level of intake which results in a maximal concentration in a tissue like WBC. 


7.3.2. Minimal and optimum intake : 


The foregoing discussion indicates that vitamin intakes, satisfying the minimum 
requirement, would prevent development of deficiency symptoms but would not p-ovid: 
for any body reserve which can be utilized during.stress including periods of deprivation. 
Optimum intakes, on the other hand, would provide for tissue saturation and ad.quat: 
stores, However, the optimum levels of intake for tissue saturation is the case of water 
soluble vitamins, or for liver storage in the case of fat soluble vitamins, are still a matter 
of speculation. “= 


7.3.3. Factors influencing vitamin requirements : 


The requirement of vitamins as well asthat of other nutrients would be influenced 
by several physiological factors. Thus, during physiological stress conditions like pre- 
gnancy and lactation, additional vitamin intake over and above the normal requirement 
would be necessary to provide for the needs of th> growing foetus during pregnaaey and 
for the secretion of milk during lactation. 


_ Pathological conditions may be expected to increase the vitamin needs, though 
clear-cut evidence for such an increased requirement is still lacking in the case of sevcral 
vitamins. 


Since many of the water soluble vitamins belonging to the B-group participate in 
the metabolism of major nutrients like fats, carbohydrates and proteins, their requirement 
may be influenced by the levels of intake of these nutrients. The relationship b.tween 
thiamine requirement and carbohydrate calories of the diet is well-known. Riboflavin and 
niacin requirements are shown to be related to th: protein content of the diet. Since the 
vitamins of the B-group participate also in energy metabolism, their requirement will be 
related to calorie intake. Environmental, physiological and pathological conditions, which 
alter calorie requirement, can be expected to alter the requirement of these vitamins. 


The B-group vitamins are synthesized by the intestinal micro- organisms and at lzast 
part of these vitamins is known to be available to the host. Dietary factocs which 
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influence the intestinal synthesis of the vitamins (viz.«type of carbohydrate) may also 
modify the dietary requirement of these vitamins. 


7.4, Vitamin Requirement and Recommended Allowances : 

Physiological requirment of any nutrient is usually determined from the obser- 
vations made on a small group of subjects. While recommending dietary allowance for 
the population based on physiological requirements, several factors have to be taken into 
consideration. 

7.4.1. Individual variability : 

While translating the physiological requirements of nutrients to practical allow- 
ances for the entire population, one important factor that has'to be taken into conside- 
ration is the individual variability. Hence necessary allowance for {individual variation 
in the vitamin requirement has to be made. Based on variation, one observes in BMR 
of a large population, a 20% allowance has been suggested to cover individual variation. 
Allowance for individual variability needs to be made only in the case of water soluble 
vitamins which are not stored in the body to any significant extent. Such allowances are 
not necessary in the case of vitamins like fat soluble vitamins which can be stored 
adequately in the liver. 


7.4.2. Availability : 

The biological availabilitv of vitamins, present in the foods, is another impor- 
tant factor that hasto be considered in arriving at the vitamin allowances. Since the 
availability may differ from one food to another, the nature of the dietaries of the popu- 
lation should be taken into account in making practical allowances. It can be safely said 
that our knowledge in this area is very scanty except perhaps in the case of §-carotene. 
At least in the case of §-carotene it has been shown that there is considerable variation 
in its availability from different sources. Availability of carotenes from different foods is 
an important factor in any consideration of Vitamin A allowance for Indians since their 
dietary source of vitamin is largely carotene derived from vegetables. This is especially 
true of the poorer segment of Indian population. 


7.4.3. Cooking losses : 
: Another practical consideration in recommending vitamin allowances for diffe- 
rent population group is the loss of these vitamins during cooking. Many of the vitamins 
are susceptible to destruction during cooking. Hence the dietary and cooking habits of 
the populatien will determine the extent of actual availability of vitamins present in raw 
foods. Proper allowance has, therefore, to be given for such losses in making practical 
recommendations since computations of dietary intakes of vitamins in these population 
groups are usually based on the vitamin content of raw foods. This factor is particularly 
‘important in considering the vitamin requirements of Indians since there is considerable 
loss of vitamins, especially of thiamine, of Vitamin C, from foods during cooking as 
practised.- in Indian homes. Vitamin C in Indian dietaries, for example, -is derived 
mainly from cooked foods rather than from fresh vegetables and fruits. Hence allow- 
ance for cooking losses has necessarily to be made. 
7.5. Vitamin intakes of Indians as revealed by diet surveys : 

Numerous diet surveys have been carried out in different parts of India over the 
past several decades. Unfortunately, data on intakes of various vitamins as revealed by 
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these diet surveys, have not yet been systematically processed as has been done in the 
case of calories and proteins. Data on intakes of vitamins, calculated from these surveys, 
are less reliable than those pertaining to the intake of proximate principles. It is not 
possible on the basis of the available information on the vitamin intakes of different 
economic groups to attempt a correlation of intakes with the vitamin nutrition status of 
these groups. Specific data about intakes, which have a bearing on vitamin requirements, 
will be discussed under respective vitamins. 


7.6. Vitamin A : 

Though Vitamin A requirement in relation to its function in the visual process is 
fairly well-understood, body needs of this vitamin for (several of its other functions in 
human subject like growth, mucopolysaccharide metabolism, etc., are not yet clearly 
known. 


7.6.1. Human requirement of Vitamin A : 

Several controlled human studies (Medical Research Council, 1949; Moore, 1957), 
involving Vitamin A deprivation, have indicated that a daily intake of 390 /g. retinol 
(6 ug/kg. of body-weight) is sufficient to correct impaired dark adaptation. Several animal 
studies (Guilbert et al., 1937, 1940) also indicate a minimum requirement of 4-6 Hg./kg. 
for dark adaptation. Obviously, on these intakes, significant liver storage or satisfactory 
serum levels cannot be expected. - In the Sheffield Study (Medical Research Council, 1949) 
it was observed that an intake of 750 /’g. retinol per day for 14 to 17/months was able to 
maintain serum Vitamin A level constant and prevent impairment of dark adaptation. It 
is not, however, certain whether this intake provided for liver storage also. It is well 
recognised that serum levels do not reflect liver storage, and'serum levels can be maintained 
at the expense of liver stores. Based on these data, the FAO/WHO Expert Group (1967) 
has concluded that 750 /g. (or 2500 I.U.) or 12 /g:/kg. retinol is the Vitamin A require- 
ment of an adult. The basis for expressing Vitamin A requirement in relation to body- 
weight is, however, not clear. So far as pro-vitamin A, §-carotene, is concerned, the 
FAO/WHO Expert Group has assumed that 1 #g. @-carotene has biological potency of 
only 0.167 g. of retinol. This is based on the fact that the theoretical efficiency of 
conversion of @-carotene to retinol is 50%, and that the absorption of §-carotene from 
foods is only about 33%. Onthis basis, if the dietary source of Vitamin A is solely 
B-carotene, the daily requirement would be 4500 #g. G-carotene. 


7.6.2. Vitamin A Requirement of Indians : 


Diet Survey Data: A survey by Aykroyd and Krishnan (1936) of 436 children 
between ages 1-12 years, in a labour camp, indicated Vitamin A deficiency of 27 % among 
them. An estimate of dietary intake of Vitamin A, which was entirely in the form of 
carotenes, indicated intakes of 454, 709, and 785 Mg. carotene by the children in the age- 
groups 1-5, 5-8, and 8-12 years, respectively. This study showed that the above intake 
of carotene was sub-optimal for those children. 


Gilroy (1951) has reported from his survey of children in the tea estates of 
Assam that their Vitamin A intake was low and the incidence of xeropthalmia 
among them high. It was observed by him that the daily supplementation of 3000 
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I. U. of Vitamin A for seven days, while decreasing the severity, did mot cure 
xeropthalmia completely. Clinical observations by workers in the National Institute of 
Nutrition (unpublished) indicate that the administration of 4000-5000 I. U. of Vitamin 
A per day can clear up Bitot Spot and cure night-blindness in children in a week’s time. 
Family and institutional diet surveys, carried out by Ahmed and Gore (1940) in Calcutta, 
indicated that with a daily Vitamin A intake of 141 wg. inthe form of retinol and 10.9 
mg. in the form of carotenes, no evidence of Vitamin A deficiency was seen in the group 
surveyed. This finding would indicate that a daily intake of 10 mg. carotene represents 
an adequate level. However. diet surveys, carried out by the National Institure of 
Nutrition (Prahlad Rao et al, unpublished). indicate that Vitamin A intake of children 
of the low socio-economic group is 250-300 I. U. (100-150 I, U. preformed) and of the 
pre-school children 381 I. U. These intakes are below requirement levels since incidence 
of Vitamin A deficiency in this population group was high and the Vitamin A _ content 
of serum of these subjects was also less than 32 I. U. per 100 ml., compared to 80 I.U./100 
ml. serum found in normal children. 


7.6.3. Dark Adaptation Studies on Vitamin requirement of Indians : 


Basu and De (1941) studied dark adaptation in relation to Vitamin A intake in a 
rather detailed manner. Employing a modified biophotometer, dark adaptation was tested 
in 351 subjects; and they obtained threshold values of 80 units for boys and 70-80 units 
for adults, which were taken as normal values. Several subjects were saturated with 
Vitamin A till their threshold values reached a study state. Minimum intake to maintain 
these values was then determined. These authors concluded that daily Vitamin A intake 
of 4000 I. U. (1300 wg.) for boys and 3000 I. U. (1000 wg.) for adults was necessary to 
maintain normal dark adaptation. It should be admitted that dark adaptation test and 
criteria employed are somewhat empirical and suffer from subjective errors. Therefore, 
Vitamin A requirement figures obtained by this method have to be accepted with some 
reservation. These values are clearly higher than the minimal requirement figure of 750 
ug. retinol suggested by the FAO/WHO Expert Group. In the absence of more satisfa- 
ctory data on Vitamin A requirement of Indian adults, the dietary allowance of 750 ug. 
retinol/day suggested by the FAO/WHO Expert Group for the adult can be accepted for 
the present. 


7.6.4. Pregnancy : 


Vitamin A nutritional status of pregnant women has been studied by Venkata- 
chalam et al. (1962). Serum Vitamin A and carotene in fifty-three apparently normal 
pregnent women, belonging to the low socio-economic group, were determined in different 
trimesters. These women, whose daily Vitamin A intake ranged between 600-800 I. U., 
had subnormal levels of serum Vitamin A (64 I. U./100 ml.), indicating poor Vitamin-A 
nutritional status. Neonates, born to some of these women, were found to have 49 
I. U./100 ml. serum Vitamin A. However, the neonates whose mothers were supplemented 
daily with 10,000 I. U. of Vitamin A during the last trimester showed significantly higher 
serum Vitamin A (89 I. U./100 ml.). These studies indicated that Vitamin A nutritional 
status of expectant mothers of the poorer segments of population is unsatisfactory and 
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this may play a part in the etiology and pathogenesis of Vitamin A deficiency in children 
born to them. 


The FAO/WHO Committee (1967), based on the Vitamin A content of the 
new-born (5400-7200 ug. or 45 wg per gm.), has calculated an additional daily intake 
of only 25 ,,g. retinol for this purpose. It is not certain, however, whether extra Vitamin 
A is needed for functions other than meeting the foetal needs. Since extra intake of 
Vitamin A to meet the foetal needs is small, the FAO/WHO Expert Group did not 
recommend any additional allowance during pregnancy. The National Research Council 
of U. S. A. has recommended an additional intake of 1000 I.U./day. 


7.6.5. Lactation: 


Extensive studies (Belavady and Gopalan, 1959) on breast-milk output and its 
composition have indicated that women belonging to the low socio-economic group put 
out daily about 420 I. U. of Vitamin A in milk. This output of Vitamin A is definitely 
on the lower side since milk output and its Vitamin A content in these mothers cannot 
be considered optimum. Belavady and Gopalan (1960) observed that a daily supple- 
mentation of 2000-10,000 I. U. of Vitamin A to these mothers had no effect on Vitamin A 
concentration in milk. Sincethese were undernourished mothers, it is conceivable that 
this additional supplementation would have been used by the mother for liver storage. 
The FAO/WHO Expert Group has suggested an additional intake of 450 ug. (1350 I. U.) 
Vitamin A during lactation. This is based on the daily output of 850 ml. of breast-milk 
with Vitamin A content of 49 ,,g./100 ml. This allowance may be suggested for Indian 
nursing mothers also. The National Research Council of U.S.A. recommends an 
additional intake of 3000 I. U. of Vitamin A per day during lactation. 


7.6.6. Vitamin A requirement of Infants and Children ; 


Gopalan (1956) studied growth of infants up to six months and computed their 
breast-milk intake (Table 17). These infants were growing satisfactorily. From the 
quantity of milk ingested and the Vitamin A content of m.lk as determined by Belavady 
and Gopalan (1959) it appeared that these infants were receiving about 420 IL. U. or 140/"g. 
Vitamin A per day. Considering their growth performance and lack of any Vitamin A 
deficiency, it may be presumed that this intake of Vitamin A per day represents at least 
their minimal requirements. It is possible that these are under-estimates and the infants 
may have been drawing upon their liver stores even at this period of growth. Itis not 
certain whether this low intake provides for liver storage. Perhaps it does not, since many 
of these children later develop Vitamin A deficiency. Therefore, the above intakes 
cannot be considered satisfactory. The FAO/WHO Expert Group has presumed that 
Vitamin A requirement of infants, aged 0-6 months, is met from the Vitamin A ingested 
through breast-milk. Such intake has been computed to be 420 yg. retinol per day (50 
g-/kg). The National Research Council of U. 8. A. has recommended 500 mg. Vitamin A 
for infants. 


4y 
TABLE 17 


Intake of Vitamins by Breast-fed Infants of the Mothers belonging to the 
Low Socio-economic Group. 


tN 


Weeks Average Average Calorie Thia- Ribo- Ascorbic Vitamin 
of lacta- weight milk intake mine flavin acid A 
tion (kg.) ingested 
(ml.) 
1 2.78 454 295 69.9 78.1 11.8 318 
2 2.92 ATT 310 Re Be 82.0 12.4 334 
3 342 480 312 73.9 82.6 12.5 336 
+ 3.27 497 323 76.5 85.5 12.9 348 
5 3.72 500 325 77.0 86.0 13.0 350 
8 4.20 404 308 73.0 81.5 12.3 332 
10 4.40 A7\ 306 hesD 81.0 12.2 330 
12 4.57 517 336 79.6 88.9 13.4 362 
14 4.83 528 343 81.3 90.8 13:7 370 
16 5.11 514 334 79.2 88.4 13.4 360 
18 5.37 454 295 69.9 78.1 11.8 318 
20 5.57 506 329 bs Be 87.0 13.2 354 
22 5.77 517 336 79.6 88.9 13.4 362 


Vitamin A requirement of the children of other age-groups has been computed 
by the FAO/WHO Expert Group from the requirement figures for the infants (65-50 
Hg./kg.) and the adults (12.1 #g./kg.). These two points were joined by a curve based on 
body-weight increment per kilogram of body-weight at various ages. From this curve, an 
approximation of the recommended intake of retinol per kilogram of body-weight per 


day at various ages been computed. 


In the absence of reliable data on Vitamin A requirement of Indian infants and 
children, Vitamin A allowances suggested by the FAO/WHO Committee can be adopted 


for Indian infants and children for the present. 
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1.6.1. Efficiency of Utilization of B-carotene from Foods : 

Since §-carotene from vegetable foods forms a major source of Provitamin A for 
Indian population, the question of efficiency of its conversion to Vitamin A arises. 
Though the theoretical conversion ratio of B-carotene to Vitamin A is 0.5, absorption of 
B- carotene from vegetable sources is reportad to be variable and low. From the publi- 
shed literature, the FAO/WHO Expert Group has assumed that the absorption of dietary 
B-carotene is only 33%. There have been two Indian studies relating to this pro- 
blem. Wilson et al. (1937) reperted absorption of carotene from raw cariots and spinach 
in two subjects onintakes of 113 end 3CO0 mg. carotcnes with atypical Bengali diet. 
Figures for absorption found by them were 77.8 and 87.0 per cent for carrots agd 88.9% 
for spinach. These authors also observed that on a fat-free diet, absorption of carotene 
from spinach was only 52.2%, Inarecent study at the National Institute of Nutrition 
Nageswara Rao and Narasinga Rao (1968) determined absorption of crystaline §-carotene | 
and of carotenes from amaranth, papaya, carrot and a mixed diet on typical Indian diet 
containing low fat (15 gm,)in four subjects, carotene intake from the different sources being 
5-10 mg. These results are shown in Table 18. Though pure §-carotene was almost 
completely absorbed, carctenes from food sources were absorbed to the extent of 25-67% 
only. However, the absorption of §-carotene present in these foods was found to be 
better absorbed, the values are shown in Table 18. Absorption of total carotenes from 
green leafy vegetables, fruits like papaya, which arecheap sources of Provitamin A, was 
found to be 58% and 46% respectively. Absorption of 8-cartotene from these two sources 
was found to be 74% and 90% respectively. | 


TABLE 18 
Per cent absorption of carotene from different sourees by Indian subjects 


N.I.N. (1968) studies (4 subjects) Wilson et al. (1937) 
(2 subjects) 


Source 
Total {-carotene 
carotenes 

Amaranth 58.1 13.4 ae 
(44.1—79.6) (52.4—99.8) 

Carrot 35.6 81.1 82.0 
(15.9—67.3) (73.2—96.8) 

Papaya 45.8 90.3 7 
(19.3—63.5) (73.3—99.4) 

3-carotene _- 98°8 a 

(95.4—100.0) 

Mixed diet 33.4 nel bie 
(15.7—59.2) 

Spinach = ~~ 88.9 
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Based on these observations, it is reasonable to assume that the absorption of 
carotenes in Indian dietaries on the average will be 50%. Absorption of 33%, adopted by 
the FAO/WHO Expert Group, appears to be low. If 50% absorption is assumed for 
availability of carotene from Indian foods, the factor for converting -carotene values to 
retinol values will be 0.25. It is suggested that this value may be accepted to convert 
8-carotene values to retinol while making Vitamin A allowance for Indians. 


7.6.8. Loss of Vitamin A and Carotene during Storage and Cooking : 


In any consideration of Vitamin A requirement of a population, the possible 
losses that occur during storage and cooking should be taken into account. Vitamin A 
is susceptible to storage and cooking losses and carotene less so. The extent of losses 
depends upon the cooking practice. There are afew studies on the loss of carotene and 
Vitamin A during storage and cooking as practised in India. De (1936) and Nageswara 
Rao recently (1967) studied the effect of storage on carotene content of vegetables. It was 
observed by these workers that generally there was a loss of 15-20% of carotene when the 
vegetables were stored at room temperature for 24 hours. Cooking losses were, however, 
small. De and Kshirasagar (1954), Pai (1958a) and Hattiangadi and Kanga (1956) studied 
the loss of Vitamin A in different methods of cooking. Though loss of Vitamin A during 
boiling was negligible, there was considerable loss (70%) when the foods were fried. 
Fats fortified with Vitamin A may lose nearly 80% of their Vitamin A content when used 
for frying. Thus it appears that one can safely presume a loss of 50% of Vitamin A 
content of foods during storing and cooking as generally practised in Indian homes. 
Loss of Provitamin A during cooking, however, may be negligible. 3 


7.6.9. Dietary allowances of Vitamin A for Indians ; 


Since sufficient data on Vitamin A requirments of Indians are not available at 
present, the dietary allowances of retinol for different groups suggested by the FAO/WHO 
Expert Group (1967) may be adopted for Indians. However, in converting the retinol 
figures to Provitamin A figures, a conversion factor of 4can te suggested. Four /g. of 
B-carotene will be equivalent to 1 #g. of retinol. Since most of the Vitamin A source 
for Indian population will be in the form of @-carotene which is not susceptible to 
cooking losses as preformed Vitamin A, allowance for cooking losses may not be necessary 
while recommending dietary allowance of Vitamin A for Indians. Suggested allowances 
of retinol and -carotene for Indians are shown in Table 19. 


7.7. Vitamin D: 


Vitamin D is required for the metabolism of calcium and phosphorus and thus 
for skeletal growth. Therefore, the relative need of Vitamin D for infants and children 
is more than for adults. Body needs of Vitamin D can be acquired by dietary intake 
and exposure to sunlight. It is not possible to determine the quantity of Vitamin D 
acquired by exposure to sunlight. Dictary intake of Vitamin D is also difficult to assess 
because rapid and reliable method for the assay of Vitamin D is not available. For the 
same reason it is difficult to assess the Vitamin D nutritional status by determining blood 


and tissue levels of the vitamin. 
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Vitamin D requirement has been most extensively studied in infants in the West 
(National Research Council, U.S.A., 1964). It has been shown that a daily intake of 
300-490 units of Vitamin D permits maximal retention of calcium in infants when the 
calcium intake is satisfactory. It is doubtful whether this is a satisfactory criterion for 
the assessment of Vitamin D requirement. While according to the above criterion 
Vitamin D requirement is in the range of 300-400 units, Vitamin D intake by breast- 
fed infants, who grow well and do not show signs of Vitamin D deficiency, is much less 
because Vitamin D content of human milk is only 50 units per litre. Other studies with 
premature infants show that daily administration of 100-250 unjts of Vitamin D prevents 
biochemical evidence of rickets and helps to sustain normal skeletal growth in premature 
infants fed cow’s milk. It is not possible, therefore, to fix from the available data the 
minimum requirement of Vitamin D. However, in Western countries 400 LU. of 


Vitamin D are normally recommended for _ infants (National Research Council, 
U.S. A., 1964). 


There is no information on the Vitamin D requirement of infants and children 
under the Indian conditions. Information jis also not available on the Vitamin D con- 
tent of foods consumed in India. It may be assumed that in a tropical country like 
India, sufficient Vitamin D may be acquired through exposure to sunlight to meet 
the Vitamin D needs. How much of this endogenously produced Vitamin D is available 
under Indian conditions, is not known. It may bethat requirements of normal 
adults, which are lower, may be completely met through this source. Also it is possible 
that the requirement of breast-fed infants may be met by the Vitamin D content of 
milk (values for which are not available) and by exposure to sunlight, However, epide- 
miological data indicate that rickets is prevalent in children whose diets do not contain 
any source of Vitamin D. This would indicate that Vitamin D, that might be acquired 
through exposure to sunlight by these children, is not adequate to meet their require- 
ments. It appears, therefore, that there is a necessity to provide, especially for children, 
a dietary source of Vitamin D in addition to what is derived from exposure to sunlight. 
Lack of any data donot permit an assessment of requirement of dietary Vitamin D 
by Indians. From the work carried out in Western countries, the requirement may 
range from 100-400 I.U., depending upon the criteria employed. Under the Indian 
conditions, where there is a greater scope for meeting part of Vitamin D requirment 
by the endogenous synthesis through sunlight, levels of Vitamin D recommended in 
Western countries (viz. 400 I.U.) may not be necessary for Indians. Therefore, for the 
present a level of 2001.U. of Vitamin D can be tentatively suggested as the dietary allowance 


of Vitamin D for Indians. It should be emphasised, however, that this figure is purely 
arbitraory. 


7.8. Vitamin C: 
7.8.1. Human Requirement of Vitamin C : 


The minimum requirement of Vitamin C has been determined by controlled 
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human experiments in U.K. (Medical Research Council, 1953). Human volunteers, 
kept on Il mg. Vitamin C per day, developed scurvy in fourteen months. Another 
group of volunteers, kept on 10 mg. ascorbic acid for the same period, did not 
develop scurvy. Capillary fragility was, however, poor in the latter group. W.B.C. 
ascorbic acid was lower in both the groups compared to the values observed in the control 
group receiving adequate (70 mg./day) Vitamin C. It was concluded from this experiment 
that minimal human requirement of Vitamin C is 10 mg.a day. The Medical Research 
Council in U.K. trebled this figure and recommended 30 mg. as the allowance for an 
adult. The National Research Council of U.S.A. (1964), however, have recommended 
an allowance of 70 mg./day for adults and 30-80 mg. for infants and children. 


7.8.2. Vitamin C Requirement of Indians : 


There are several studies (Ranganathan and Shankaran, 1937 ; Basu and Ray, 1940a) 
on the urinary excretion of Vitamin C and response to a load test in Indians. These 
studies indicate that the urinary excretion of ascorbic acid in Indians is generally low and 
return of atest load in also low. The subjects in the above studies had to be given a 
supplement of 1000-2000 mg. ascorbic acid, spreadover several days, before the load test 
in these subjects indicated saturation. 


Basu and Ray (1940a) attempted to compute the Vitamin C requirement of Indian 
adults on the basis of urinary excretion studies. Six volunteers who were initially saturated 
with Vitamin C (200-500 mg./day for 7-8 days) were used in this study. The daily urinary 
excretion of ascorbic acid on their normal diets, which supplied 18-39 mg. ascorbic acid, 
and after supplementing daily with 25 mg. ascorbic acid, were estimated. The total daily 
requirement was computed from the ascorbic acid utilized by the body which was calcu- 
lated by subtracting urinary excretion from the intake. These authors computed that the 
daily average utilization in these subjects was 44 mg., or 0.28-0.31 mg. per kg. under the 
above experimental conditions. The daily requirement of Vitamin C was arrived at by 
adding the amount of ascorbic acid excreted in urine to the amount utilized by the body. 
The average figure for the ascorbic acid requirement was found to be 66.2 mg. In consi- 
dering utilization, only urinary loss was taken into consideration in the above study. Since 
ascorbic acid is also lost through oxidation, utilization was thus over-estimated in this 
study. Therefore, the figures arrived at by these authors may be considered to be on the 
higher side. By keeping the subjects at lower intake levels, entirely different set of figures 
could have been derived following this approach. 


In a recent study by Srikantia et al. (1968), Vitamin C requirement was 
determined in Indian subjects by employing the criterion thatthe minimum require- 
ment of the vitamin was the level of intake that maintained W.B.C. concentration 
of the vitamin at saturation level. The subjects had subnormal levels of W.B.C. 
ascorbic acid to start with. They were given a large daily dose of ascorbic acid 
(500 mg./day) for several days till their W.B.C. ascorbic acid had reached a maxi- 
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mal value. Then their intake was reduced to 10 mg. per day and kept on this intake for 
several days and W.B.C. level ascorbic acid was determined periodically. It was observed 
that after some time, W.B.C. levels tended to decline indicating that an intake of 10 mg. 
per day was b2low the requirement level. When the intake was raised to 20 mg., however, 
W.B.C. levels could be maintained at saturation level for as long a period as 100 days. It 
would appear, therefore, that the minimum requirement of ascorbic acid for the adult is 
between 10-20 mg./day. This intake would not only meet the minimum needs but would 
keep the tissue, such as W.B.C., saturated. If individual variability factor of 20% is 
applied, a figure of 25 mg./day is obtained for the adult requirement for ascorbic acid. 


7.8.3. Pregnancy : 


There are no data to indicate that Vitamin C requirement during pregnancy is 
increased. The increase due to foetal requirement may be small. Therefore, extra allo- 
wance may not be necessary during pregnancy since normal allowance includes sufficient 


safety margin. A level of intake, which can maintain W.B.C. level of ascorbic acid at 
saturation level during pregnancy, needs to be determined in Indian women. 


7.8.4. Lactation: 


If ascorbic acid requirement of nursing mother is considered to be the sum of 
normal adult requirement and the_Vitamin C secreted through milk, then the additional 
allowance during lactation may be about 35 mg. per day. This is based on milk secretion 
of 850 ml. per day with ascorbic acid concentration of 4.0-5.0 mg. perl00 ml. Indian 
women from the poorer socio-economic group, however, secrete only 600 ml. milk, with 
an average ascorbic acid content of 2.6 mg. per 100 ml. When these women were supple- 
mented with a large daily dose of ascorbic acid, its level in milk could be raised to 4-5 mg. 
per 100 ml. In well-nourished Indian women also, ascorbic acid content of milk has been 
shown to be 4.5 mg./100 ml. (Deodhar and Ramakrishna, 1959). Belavady and Gopalan 
(1960) investigated the effect of supplementation of ascorbic acid on the content of this 
vitamin in breast milk of nursing mother belonging to the low socio-economic group. It 
was observed by these workers that a supplementation of 200 mg. ascorbic acid per day 
was necessary to raise milk ascorbic acid level toa maximum. It is not clear whether the 
intake of this order is really necessary to maintain milk concentration at the maximal level. 
Large part of this high intake would have” gone to saturate the tissues of the mother her- 
self. Also, since this supplement was given asa single dose, plasma level would be so 
high that a large proportion of the vitamin would be eliminated in urine. It may not be 
essential to achieve a maximal concentration of ascorbic acid or any other water-soluble 
vitamin in milk if, even at lower concentrations, the total vitamin ingested may be able to 
satisfy the infant’s need. For example, nursing mothers belonging to the low socio-econo- 
mic group put out only 15 mg. ascorbic acid through milk, which apparently satisfies the 
infant’s need. It may be necessary to employ other criteria, like the W. B. C. levels of 
ascorbic acid in the mother, to judge the adequacy of the dietary intake by the mother 


during lactation, 


56 


7.8.5. Infants : 


Considering the ascorbic acid intake of breast-fed infants (0-6 months) studied 
by Gopalan (1956), it can be concluded that an intake of 15 mg. ascorbic acid would 
satisfy the daily requirement of this vitamin in young infants. If an adult’s requirement 
of ascorbic acid, to maintain W. B. C. saturated, is 10-20 mg. per day, a daily intake of 
15 mg. ascorbic acid by the infant may be considered more than adequate. 


7.8.6. Children . 
Ascorbic acid requirement of children should then be between 15-25 mg. 


Sufficient information is available form Indian work to conclude that ascorbic 
acid requirement for Indians range from 15 to 25 mg. for different age-groups. During 
lactation, however, an additional intake of 15 mg. per day may be necessary. 


7.8.8. Loss of Vitamin C during cooking : 


Ascorbic acid is one of the vitamins which is readily lost during storing and 
cooking. There have beena few studies on the loss of ascorbic acid on storing and 
cooking as practised in Indian homes. Pasricha (1967) studied ascorbic acid losses in 
sixteen varieties of vegetables rich in ascorbic acid. Losses in ascorbic acid on storing at 
room temperature and in refrigerator were 35% and 12% in case of leafy vegetables ; 19% 
and 8% in the case of tubers, respectively. Cooking losses varied from 0 to 80%, greater 
losses occurring during frying. Pai (1957) reported ascorbic acid loss in different food 
preparations varying from 22 to 78%. Rudra (1937) has also reported similar losses for 
cauliflower and spinach cooking and storage. For practical consideration, one may 
assume that on the average about 50% of Vitamin C, as contained in raw foods, is lost 
during keeping and cooking as practised in Indian homes. Since Vitamin C in Indian 
dietaries is derived mostly from cooked-vegetables and only to a small extent from raw 
vegetables and fruits, safety margin for these losses has to be made in any practical allo- 
wance of Vitamin C for Indians. The recommended allowance of Vitamin C should, 
therefore, be at least twice the requirement level if allowance is made for cooking losses. 
The suggested allowance for the vitamin, based on the foregoing consideration, are given 


in Table 19. In arriving at these allowances, the requirement figures have been doubled 
to allow for cooking losses. 


7.9. Thiamine : 


Thiamine, as the cofactor for cocarboxylase, is intimately involved in carbo- 
hydrate metabolism. It has been recognized for a long time that thiamine requirement is 
related to carvohydrate calorie intake. 


7.9.1. Human requirement of thiamine ; 


Diet surveys indicate that an intake of 0.4 mg. thiamine per 1000 calories, or 
below, is associated with thiamine deficiency. Beriberi has been shown to be 
associated with thiamine intakes of 0.3 mg. per 1000 calories. Subjects suffering from 
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Beriberi have been observed to excrete 0-15/g. thiamine daily in urine. It has also been 
shown that urinary excretion of 5-20 Hg. of thiamine per day is associated with intakes of 
0-2 mg. per 1000 calories. Urinary clearance studies have indicated a daily requirement 
of 0.33-0.35 mg. per 1000 calories, and intake required for tissue saturation has been 
found to be 0.35 mg. per 1000 calories. Controlled human depletion studies have indica- 
ted that 0.23 mg. per 1000 calories did not result in deficiency signs over a period of 10-12 
weeks (Keys et al, 1943). In another carefully conducted study (Horwitt et al., 1948), 
an intake of 0.2 mg. per 1000 calories was found to be below the minimal requirement. 
Taking the results of all these Studies, the Expert Group of the FAO/WHO (1967) have 
concluded that the minimum requirement of thiamine is 0.33 mg. per 1000 calcries, and 
with a 20% allowance for individual variability an intake of 0.4 mg. thiamine per 1000 
calories has been considered to meet the human requirement of thiamine. The National 
Research Council of U.S.A. (1964) has recommended a daily allowance of 1.12 mg 
thiamine, the calorie allowance being 2900. This figure also corresponds to 0.4 mg. per 
1000 calories. 


7.9.2. Thiamine requirement of Indians : 


Diet Surveys: The average intake of thiamine by Indians, as indicated by 
several diet survey data, appears to be apparently adequate, especially when considered in 
relation to inadequate calorie intake. The intake values vary over a wide range and these 
intakes have not been corrected for losses that might occur during cooking, which can be 
considerable. No reliance can, therefore, be placed on these figures as being actual intake 
values. It is not possible to obtain from the diet survey data an idea of the minimum 
requirement of thiamine. | : 


Urinary excretion studies: There aze a few studies conducted in [Indian subjects 
on urinary excretion of thiamine on known intakes. Though these studics were not 
planned with the specific objective of assessing thiamine requirement, these data can be 
used to obtain an idea of thiamine excretion in Indians on different levels of intakes and 
to obtain an estimate of intake associated with a level of urinary excretion consistent with 
good thiamine nutrition status. Thiamine excretion of 70/4g./gm creatinine (or 100-140/¢g./ 
day) is shown to be associated with an intake of 0.4 ’g. per 1000 calories which satisfies 
human requirement. Ahmed and Guha (1938) studied urinary thiamine excretion of four 
healthy subjects living on different Indian dietaries. On intakes ranging from 1200-1425 
ug. (0.49-0.62 mg. per 1000 calories) the range of excretion was 84-228 /g. per day. On 
lower intakes ranging from 600-680/'g. (0.24 to 0.37 mg. per 1000 calories). excretion 
was 25-36 wg. Thiamine intakes in this study were based on raw diets. This study would 
indicate that thiamine intake of 0.29 mg. per 1000 calories is associated with low excre- 
tion. Ramasastry ef. al.. (1950) studied urinary excretion of thiamine in 15 human 
volunteers on family or laboratory controlled diets. In 98 observations, the excretion 
was found to range between 66-1200 /¢g. with intakes ranging from 0.3-0.77 mg. per 1000 
calories. These intakes were calculated from thiamine content of raw foods and thus ro 
allowance was made for cooking losses. Pyruvic and lactic acid levels in these subjects 
were within the normal range. There was no correlation between intake and excretion 
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and there was also considerable variation between individuals. The majority of the sub- 
jects had intakes around 0.4 mg./1000 calories and showed a mean daily excretion of 
105-500 #g. Ramanamurthy and Gopalan (1966), in their studies onraw and parboiled 
rice, Observed that the urinary excretion of thiamine in four subjects ranged from 90-700 
Hg. per day when the intake from raw rice was 341-700 /g. per 1000 calories. Intakes 
of 385-420 #g thiamine per 1000 calories resulted in a daily excretion of 104-200 Hg. 
thiamine per day. The intakes were computed from the analysis of the cooked diets. 


The above studies would indicate that an intake of 0.4-0.5 mg. thiamine per 1000 
calories is adequate as judged by the urinury excretion of thiamine. 


Transketolase activity : Thiamine requirement of young Indian women has been 
recently studied at the National Institute of Nutrition by Bamji (1968).. Four young 
women were placed ona basal diet containing 0.1 mg. thiamine per 1000 calories for a 
period of fifteen days and at the end of this period, transketolase activity of R.B.C. and 
the urinary excretion of thiamine were estimated. After a preliminary depletion period, 
thiamine was added to their diet at weekly intervals to raise their intake to 0.2 mg. per 
1000 calories and then to 0.4 mg. per 1000 calories. Transketolase activity of R.B.C. and 
the urinary excretion of thiamine were again estimated at the end of a week’s supplementa- 
tion at these two levels. It was observed that a dietary intake of 0.20 mg. per 1000 calories 
was sufficient to maintain transketolase activity at the maximal level. At this level of 
intake, urinary excretion was 94/’g./gm, creatinine which remained unaltered when the 
intake was reduced to 0.1 mg. per 1000 calories, but did increase (190 #g. 94 ug/gm. 
creatinine) when the intake was raised to 0.4 mg. per 1000 calories. From both these 

criteria, it would appear that the minimum requirement of thiamine by young women is 
~ 0.2 mg. per 1000 calories. If 20% allowance for individual variability is made the require- 
ment figure will be 0.25 mg. per 1000 calories. This figure is based on actual intake 
obtained by analysis of the cooked diet. If it were based on raw diet content the corres- _ 
‘ponding intake should be about 0.5 mg./1000 calories, allowing for 50% cooking: Joss. 
Data obtained from urinary excretion studies described earlier also support this figure of 
0.5 mg. per 1000 calories for thiamine allowance for Indians. 


7.9.3. Thiamine requirement in pregnancy : 


Transketolase activity in R. B.C. and the urinary excretion of thiamine in 
twentytwo pregnant women and fourteen normal women has been studied by Bamji 
(1968). It was estimated that the thiamine intake of the pregnant women was in the 
neighbourhood of 0.5 mg. per 1000 calories. Though transketolase activity in R. B.C, 
of the pregnant women was found to be significantly lower than that in the normal 
women, there was no clinical evidence of thiamine deficiency. An intake of 0.5. mg, of 
thiamine per 1000 calories in these pregnant women could not be considered inade- 
quate though this level of intake was not able to maintain transketolase activity of 
R.B.C. at normal level. The FAO/WHO Expert Group did not recommend any extra 
allowance of thiamine per 1000 calories for pregnant women and assumed that extra 
“thiamine intake corresponding to increased calorie intake during pregnancy would take 


59 


care of any additional need. The National Research Council of U.S.A. recommends 
2.0 mg. additional intake during pregnancy. It is suggested that thiamine allowance for 
Indian women during pregnancy also be 0.5 mg. per 1000 calories and that the total 
daily allowance may be related to their calorie allowance. 


7.9.4. Lactation: 


The WHO/FAO Expert Group assumed that as in the case of pregnancy, extra 
intake corresponding to extra calorie intake would meet the thiamine requirement of nur- 
sing mothers. The National Research Council of U.S.A. recommended additional intakes 
of 0.3 mg/day. Thiamine secreted in breast-milk by Indian women of the low socio- 
economic group was found to be 90/4g. per day. This computation is based on breast- 
milk content of !5/4g. thiamine per 100 ml. and a daily excretion of 600 ml. of milk by the 
nursing mothers belonging to the low socio-economic group. Ramasastry and Indravati 
(1957) observed that the thiamine concentration of breast-milk ranged from 3.1 to 25.5 
ug/l00 ml. with an average of 122 wg. per 100 ml. Deodhar and Ramakrishna (1959) 
reported thiamine content of 13.8 :.g. per 100 ml. of breast-milk in the higher income- 
group and 10.5 wg. in the lower income-group. Belavady and Gopalan (1959) reported 
thiamine concentration of 15.5 4g. per 100 ml. in breast-milk of Indian women _ belonging 
to the low socio-economic group. This corresponds to about 250 wg. per 1000 calories. 
Belavady and Gopalan (1960) also studied the effect of thiamine supplementation on 
the breast-milk content of thiamine in these nursing mothers. Thiamine content of 
milk could be raisedtoa maximum of 20/g./100 ml. with continued supplementation 
of 10 mg. thiamine per day. Assuming an optimal thiamine content of 20#g/100 ml. 
and a milk output of 850 ml, additional thiamine requirement for nursing mothers would 
be about 0.17 mg. per day if extra thiamine requirement during lactation is equivalent to 
that secreted in milk. Extra thiamine allowance corresponding to the extra calorie 
allowance for nursing mother, computed on the basis that their requirement also is 
0.5 mg. per 1000 calories, will be 350 ug. per day which is about twice the quantity of 
thiamine secreted daily in milk. Itis, therefore, suggested that thiamine allowance for 
Indian women during lactation may be computed from their calorie allowance, their 
thiamine requirement being the same as for adults, i. e., 0.5 mg. per 1000 calories. 


7.9.5. Infants : 


From the controlled study of Gopalan (1956) on breast-milk intake and growth of 
infants of 0-6 months, it can be computed that thiamine intake of these children was about 
90g. (Table 17). Considering their satifactory growth, this intake of thiamine would 
have satisfied their minimal needs since this intake roughly corresponded to 250 ug. per 
1000 calories. With optimal thiamine content of 20 ug. p2r 100 mJ; and milk output of 
850 ml/day, thiamine intake of infants will not be more than 170 :.g. per day. 


7.9.6. Children: 


It is su-zested that thiamine requirement of Indian children of different age- 
groups can be estimated on the basis of recommended calorie allowance, assuming that 
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their thiamine requirement also is related to calorie intake, i.e. 500 ug. per 1000 calories, 
in the same way as for adults. The calculated figures are shown in Table 19. 


7.9.7 Thiamine requirement in relation to other factors : 


Since thiamine is needed for carbohydrate metabolism, its requirement can be 
expected to be higher when dietary calories are derived predominantly from carbohydrates, 
a situation that exists in Indian dietaries. On the other hand, intestinal biosynthesis of 
thiamine may be favoured by a carbohydrate diet. To what extent thiamine requirements 
of Indians are modified by these factors, is not known precisely. 


7.9.8 Thiamine losses during cooking : 


Thiamine being a heat labile vitamin, its losses may be significant during cook- 
ing. Basu and Malankar (1946) observed that thiamine retention in some vegetables 
during cooking was about 60%. Pai(1958b) found that in several food preparations, 
thiamine loss varied from 1.7 to 53%. Pasricha (1963) reported that thiamine retention 
ranged from 30 to 80% in several Indian food preparations. Thiamine loss in rice was 
shown to be considerable during washing, a loss which is more marked than during coo- 
king. Thus, one may expect an average loss of about 50% thiamine present in raw foods, 
during cooking as practised in Indian homes. When allowance for losses are to be 
made, thiamine requirement figures, based on actual intakes, will, therefore, have to be 
doubled to obtain dietary allowance of thiamine in terms of the vitamin present in the raw 
food. | 


7.9.9. Dietary allowance of thiamine : 


Based on the data reviewed above, it is suggested that thiamine allowance for 
Indians will be 0.5 mg. thiamine per 1000 calories. Total daily allowances of 


thiamine, calculated from the calorie allowances for different groups, are shown in 
Table 19. 


7.10. Riboflavin : 


Though it is generally considered that the riboflavin requirement is related to 
protein content of the diet, FAO/WHO Expert Group considered that its requirement was 
best expressed on the basis of calorie intake since flavin nucleotides take partin energy 


metabolism also. It has also been shown that consideration of its requirement on cither 
basis yields similar results. 


7.10.1. Human requirement of riboflavin : 


The FAO/WHO Expert Group computed human riboflavin requirement from 
the available data on diet surveys and controlled depletion-repletion studies. It has 
been shown that population groups consuming less than 0.7 mg. riboflavin per 
day, show high incidence of clinical symptoms of riboflavin deficiency and excrete a 
low level of riboflavin (40 «g./day)in urine. In depletion studies, clinical evidence of 
triboflavin deficiency was observed at intakes of 0.15 mg. per 1000 calories in women 
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and at 0.22 or 0.25 mg. per 1000 calories in men. Qn intakes of 0.31-0.36 mg. per 1000 
calories, urinary riboflavin markedly reduced to 50 /g, per day. Ithas also been 
recorded that 041] mg. per 1000 calories intake of riboflavin for over two years did not 
result in any deficiency symptoms. The relationship between the urinary excretion of 
riboflavin and its intakes that, as the intake is reduced, urinary excretion reduces sharply 
up to an intake of 0.44 mg per 1000 calories ; below this level urinary excretion reduces 
only slowly. Taking all these observations into consideration, the FAO/WHO Expert 
Group concluded that the minimum requirement of riboflavin was 0.44 mg/1000 calories. 
With an allowance of 20% for the individual variation, the Group suggested dietary 
allowance of 0.55 mg. riboflavin per 1000 calories. The National Research Council of 
U.S.A. (1964) has recommended an allowance of 1.7 mg. riboflavin for an intake of 2900 
calories or 0.586 mg. per 1000 calories. 


7.10.2. Riboflavin requirement of Indians : 


Diet Survey: Results of diet surveys, carried out in India, indicates that the 
intake of riboflavin vary over a wide range and even the average intake figures are below 
the requirement figures. These values were calculated from diet survey data using Food 
Composition Tables (Indian Council of Medical Research : Special Report No. 42). The 
values for riboflavin, based on chemical assay method, given in these tables, appear to 
be high. Subsequent estimation, employing microbiological methods, have yielded 
lower values for the riboflavin content of several foods. Hence intakes, based on the 
earlier diet survey results, must be an overestimate. Further, these intakes are based 
on raw foods and do not include losses that might occur during cooking. Therefore, a 
Significant proportion of the persons surveyed must have had riboflavin intakes much 
below the requirement level, and this low intake explains the high incidence of angular 
stomatitis observed among the poorer segments of Indian population. 


Urinary excretion studies: ‘Though specific studies designed to evaluate the 
riboflavin requirement of Indians are not available, there are a few studies in Indians on 
the urinary excretion of riboflavin on known intakes which are useful for assessing their 
reboflavin requirments. Ramasastry et al. (1950) determined, employing the fluorometric 
method, urinary excretion of riboflavin in fifteen subjects on known intakes ranging from 
0.76 to 1.91 mg. or 0.34 to 0.62 mg. per 1000 calories. All the subjects excreted fairly 
large amounts of riboflavin, ranging from 343 to 4401 uwg., with an average of 1243 mg. 
In many of the subjects, excretion exceeded intake. High excretion in these subjects may 
be due to contribution from the intestinal biosynthesis. Even at intakes of 0.4 mg. per 
1000 calories, urinary excretion was fairly high. Pargoankar and Srikantia (1964) studied 
urinary excretion of riboflavin in 45 subjects with different nutritional background and 
with a wide range of riboflavin intakes which were assessed by oral questionnaire diet 
survey. Riboflavin was estimated microbiologically. The data are shown in Table 20. 
It was observed that subjects belonging to the low socio-economic groups, some of whom 
manifested riboflavin deficiency, excreted only 46.5-48.1 J/g. riboflavin per day, with 
riboflavin intakes of 363 «g. per 1000 calories. Onthe other hand, subjects from the 
higher income group, with intakes of 528 ,g. riboflavin per 1000 calories, excreted 
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TABLE 20 
Intake and Urinary Excretion of Riboflavin in different Groups of Indians 
Riboflavin intake Riboflavin 
Subjects No. of Calorie ——— excretion 
subjects intake Total/day per 1000 (g./24 hours) 
calories 

SESS Se 

Well-to-do 13 2350 1.24 0.53 158°9 

Low 36 1900 0.69 0.36 46.5 

income : 

Pregnancy 10 1573 0.57 0.36 43.6 


(975-2000) 


159 #g. riboflavin per day which can be considered satisfactory. Pregnant women also 
were found to excrete only 43.6 fg. riboflavin per day. Red cell levels of riboflavin 
were significantly higher (20 Mg. per 1C00 ml.) in subjects of high income-group with 
satisfactory riboflavin intake than the levels (12 # g./1000 ml) in low income subjects with 
poor intakes. Swaminathan (1942) reported that his subjects excreted 320-350 Pg. 
riboflavin a day on intakes of 1.2-1.5 mg per day. Calorie contents of their diets, 
however, are not known. Ramakrishna (1963) has reported riboflavin excretion in 
normal subjects as being 690 pg./day but their riboflavin intakes have not been given. 
Assuming that excretion of 120 .«g-/day is associated with a riboflavin intake satisfying 
its minimal requirement, the above studies indicate that an intake of 360 mg. per 1000 
calories is below the requirement level. Anintake of 500-530 /g. pet 1000 calories, 
however, appears to be satisfactory as judged by the urinary excretion. These can be 
at best only arough estimate because the intakes in these studies were not determined 
by actual analysis of the diets. The above intakes relate to riboflavin content of raw 
foods as riboflavin intake in the above studies were computed from the raw foods and no 
further allowance need be made for cooking losses. These values are not different from 
the figures for riboflavin requirement given by the FAO/WHO 1. €e., 0.55 mg. per 1000 
calories. It can, therefore, be suggested that riboflavin allowance for Indians may be 
0.55 mg. per 1000 calories. 


7.10.3. Pregnancy ; 


_ There are no specific studies on riboflavin requirement of Indian women during. 
pregnancy. Riboflavin excretion is known to be increased during late pregnaucy. The 
FAO/WHO Expert Group did not suggest any additional allowance per 1000 calories 
and was of the opinion that extra riboflavin intake correspoding to the extra calories 
allowance during pregnancy would take care of the additional needs ofthe vitamin in 
this condition. The National Research Council of U.S.A. has recommended an additional 
intake of 0.3. mg. during pregnancy. It is suggested that for Indian women also daily 
riboflavin allowance during pregnancy may be comupted from their calorie allowance on 
the basis of riboflavin requirement of 0.55 mg. per 1000 calories. 
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7.10.4. Lactation : 


The FAO/WHO Expert Group has argued that extra riboflavin intake corresponding 
to extra calories recommended (1000 calories) would mofe than compensate for riboflavin 
excretion in milk (0.32 mg.) The National Research Council of U.S.A recommends 0.6 
mg. additional intake of riboflavin. This corresponds to 0.6 mg. per 1000 calories of 
additional calories recommended during lactation. 


There have been extensive studies on the riboflavin content of breast milk of Indian 
women. Belavady and Gopalan (1959) reported an average value of 17.2 /g./100 ml. 
(or 260 /g. per 1000 calories) forriboflavin content of breast milk of nursing mothers belong- 
ing to the low socio-economic group. Deodhar and Ramakrishna (1959) have reported 
riboflavin content of breast milk of nursing mothers belonging to various income-groups. 
Belavady (1962) has attempted to evaluate riboflavin requirement of nursing mothers (10 
subjects) by supplementing riboflavin at different levels, the period of supplementation at 
each level being 3-4 weeks. It was observed than an intake of 3 mg. riboflavin per day, 
in addition to their daily intake of 0.3-0.5 mg., resulted in a maximal concentration of 
30 #g. riboflavin per 100 ml. of milk. Whether such high levels of intake represent the 
optimum requirement of lactating women, or whether part of the supplementation had 
gone to saturate the tissue of these subjects, is not easy to ascertain. The question may 
also be asked whether maximal milk concentration of riboflavin is necessary from the 
point of view of satisfying infants needs. It is necessary, therefore, to determine the 
ribofiavin requirement of lactating women in terms of her riboflavin nutritional status when 
her lactation performance is satisfactory. Assuming that optimal concentration of milk 
riboflavin is 30 /g./100 ml., riboflavin secretion through milk would be 180 /g if 600 ml. 
is the total milk output, or 225 mg. for an optimal daily milk output of 750 ml. Thus it 
can be suggested that additional daily intake of riboflavin during lactation should be at 
least 0.25 mg. per day. Additional allowance of riboflavin corresponding to the extra 
calorie allowance during lactation will be 385 /g. (0.55 mg. per 1000 calories) which is 
more than the amount of riboflavin secreted in milk. It is Suggested that extra allowance 
of riboflavin for Indian women during lactation may be computed from calorie allowance, 
assuming her requirement is also 0.55 mg. riboflavin per 1000 calories. 


7.10.5. Infants and children : 


The FAO/WHO Expert Group have assumed in the absence of other data that ribo- 
flavin intake of 0.55 mg. per 1000 calories would satisfy the needs of infants and children. 
The riboflavin intake of Indian infants of 0-6 months of age, with satisfactory growth, can 
be computed (Table 17) from the data of Gopalan (1956) and of Belavady and Gopalan 
(1959). The riboflavin intake of 102 /g. per day appears to satisfy the minimal needs of 
these infants, These intakes coffespond to about 250 Mg. per 1000 calories. There are 


no data available on the riboflavin requirement of Indian children of other age-groups. It 
is suggested that the allowances, for the older children can be computed from calorie 
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allowances, assuming that in this age-group also the requirement is about 0.55 mg. per 
1000 calories. 


7.10.6. Loss during cooking : 


Though riboflavin is a heat stable vitamin, it is sensitive to light. As with other 
vitamins, cooking losses occur in the case of riboflavin also. Pai (19585) reported ribofla- 
vin losses ranging from 0.15 to 48% in different Indian food preparations. Pasricha 
(1963) has reported riboflavin retention in several foods ranging from 23 to 100% during 
cooking, retention being higher than i the case of thiamine. Perhaps, an average loss of 
30% can be assumed for riboflavin. 


7.10.7. Dietary allowance of riboflavin : 


Taking into consideration the limited data on the riboflavin requirement of Indians, 
which have been reviewed above, suggested scales of allowances of riboflavin are men- 
tioned in Table 19. Riboflavin allowances were calculated from the calorie allowances, the 
basic allowance being 0.55 mg. per 1000 calories. 


7.11. Nicotinic Acid. 


Nicotinic acid, as part of a co-énzyme, takes partin glycolysis and tissue respira- 
tion and hence its requirement is related to energy metabolism. However, niacin has a 
special relationship with protein in that the amino acid tryptophan can be converted to 
niacin inthe body. Thus dietary tryptophan can spare niacin. In any consideration of 
niacin requirement, dietary niacin and tryptophan should be taken together. It is generally 
accepted that 60 mg. of tryptophan is equivalent to 1 mg. niacin. Dietary allowances are 
usually made in terms of niacin equivalents which are computed from the niacin and try- 
ptophan content of the diets. 


7.11.1. Requirement of niacin : 


Carefully conducted human studies indicate that an intake of 4.4 mg. niacin equi- 
valents just prevents symptoms of pellagra. Further, addition of 10 gm. lactalbumin to 
the diets of these subjects, or a total intake of 5.5 mg. niacin equivalents per 1000 calories, 
caused increased excretion of metabolites in some subjects and an intake of 7.7 mg. niacin 
equivalents increased the excretion of metabolites in all the subjects. The FAO/WHO 
Group accepted a figure of 5.5 mg. niacin equivalent per 1000 calories as the minimum 
requirement, and with an allowance of 20% for the individual variability the niacin 
requirement figure becomes 6.6 mg. per 1000 calories. The National Research Council 
of U.S.A. have suggested an allowance of 19 mg. of niacin equivalents per day which corre- 
sponds to about 6.6 mg. per 1000 calories. 


Results of diet surveys, carried out in India, indicate that the average intake 
of niacin is 18.5 mg. Limitation of these diet survey data precludes drawing any 
definite conclusion regarding the dietary adequacy of niacin in Indian subjects. 
However, careful diet survey of a very large number of pellagrins, admitted to the 
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Osmania General Hospital, by workers of the National Institute of Nutrition indicated 
a mean intake of 43 gm. protein, 7.2 mg. nicotinic acid, 0.45 gm. tryptophan and 1960 
calories (Table 21). These intakes correspond to 14.7 mg. of niacin equivalents per day 
or 7.5 mg. niacin equivalents per 1000 calories. Though this is a satisfactory intake, it 
has been shown by the work at the National Institute of Nutrition that pellagra can 
develop on such diets predominantly based on jowar due to the presence of excess of 
leucine in it. On the basis of niacin intakes alone, these patients are definitely having 
subminimal intakes of niacin i.e., 3.6 mg. per 1000 calories. It can be said that in the 
absence of tryptophan or with inefficient conversion of tryptophan to niacin, an intake 
of 3.6 mg. of niacin per 1000 calories js definitely below the minimal requirement. Aykroyd 


TABLE 21 


Dietary Intake of Nicotinic Acid and Tryptophan by Pellagrins 


eee 


Calories Nicotinic Trypto- Total nico- Nicotinic acid 
K. Cal. acid phan tinic acid equivalents 
day mg./day mg./day equivalents mg./1000 cals 
mg./day* 
a enna rer cs ee ee | 
Men 1960 he 450 14.8 7.6 
Range 1090-3400 4.2-10.5 340-1100 — 
Se eSssisssrussssssssssssss: 
Tryptophan 


*Nicotinic acid + es 


and Swaminathan (1940) noted that pellagrais rare among poor rice eaters. On these 
diets niacin intakes ranged from 5 to 11 mg.: the lowest figure being on diets containing 
milled cooked rice. With total calories of 2300 and protein content of 45 gm., such a typical 
diet predominantly based on rice (milled) contains 6.00 mg. niacin equivalents per 1000 
calories. This level can be considered to satisfy niacin requirement of the group studied 
by the above authors. This level is not different from the niacin requirement figure 
suggested by the FAO/WHO Expert Group. 


De and Banerjee (1948) studied nicotinic acid requirement of Indian adults. 
Body requirement was determined in five subjects subsisting on rice diets providing 2585 
calories and 64.5 gm. protein and 540 mg. tryptophan. Employing the criterion 
suggested by Briggs et al. (1945) viz., that a return of 15% of a dose of 500 mg. nicotinic 
acid is consistent with adequate niacin nutrition, the above authors concluded that niacin 
intake of 7.8 to 9.6 mg/day was adequate since their subjects, who were on these intakes, 
excreted 19-20% of a 500 mg. load of niacin. Total niacin intakes of thise subjects, 
including contribution from tryptophan, was 16.8 to 18.6 mg. niacin equivalents. On 
the basis of calories, the intakes were 6.5 mg. to 7.2 mg. niacin equivalents per 1000 
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calories. These levels of intake appeared to be adequate as per criteria employed in this 
study. 


These studies would indicate that the dietary allowance of 6.6 mg. niacin equi- 
valents per 1000 calories, suggested by the FAO/WHO Expert Group, corresponds to 
intakes in Indian population in whom incidence of pellagra is rare. These intakes are 
based on raw food content. There is no Indian work bearing on the efficiency of 
conversion of dictary tryptophan to niacin under different dietary and physiological 
conditions. However, when the protein intake corresponds to the recommended 
allowance, the contribution of tryptophan towards niacin nutriture can be expected to 
be normal and a conversion factor, which is generally accepted, may hold good under 
these conditions also. It can, therefore, be suggested that the dietary allowance of niacin 
for Indians may be fixed at 6.6 mg. niacin equivalents per 1000 calories. 


7.11.2. Pregnancy and lactation : 


The conversion of tryptophan to niacin appears to be more efficient in pregnancy. 
The FAO/WHO Expert Group have concluded that there isno need for any additional 
allowance per 1000 calories during pregnancy and lactation and any additional need is 
met by the additional allowance corresponding to the increased calorie allowance. 
The National Research Council of U.S. A. recommended 3 mg. and 7 mg., respectively, 
of additional allowances of niacin equivalents during pregnancy and lactation respectively. 
These roughly correspond to 7 mg. niacin equivalents per 1000 calories. |, 


No information is available on the niacin requirementin Indian women during 
pregnancy and lactation. There are only limited data on the breast milk content. of 
nicotinic acid. Deodhar and Ramakrishna (1960) have reported nicotinic acid content 
of 103 to 150 /g/100 ml. in breast-milk of different groups of lactating women whose 
dietary intakes on niacin ranged from 2 to 7 mg. per day. Nicotinic acid output in 
breast-milk of Indian mothers will range from 0.5 to 1.0 mg. per day if the average daily 
breast-milk output is 600 ml. Another 1.5 mg. niacin equivalents may be derived from 
tryptophan content of milk proteins. Then the total niacin equivalents derived from 
breast-milk may about 2.5 mg. per day. It is suggested that the dietary allowance of 
niacin for Indian women during pregnancy and lactation may be based on the reco- 
mmended calorie allowance, the base allowance of niacin being 6.6 mg. niacin equivalents 
for 10C0 calories. This will more than compensate for the niacin secreted in breast- 
milk. 


7.11.3. Infants and children : 


According to the FAO/WHO Expert Group, basic recommendation of 6.6 mg. 
of niacin per ICCO calories is assumed to hold good for children and for infants. Indian 
infants of 0-6 months of age would be receiving about 2.5 mg. niacin equivalents per day 
(10 mg. niacin equivalents per 1000 calories) through breast-milk which apparently satisfies 
their niacin requirements. Total daily niacin allowance for Indian children may be 


com puted from the recommended calorie allowance. using the requirement figure of 6.6 
mg. niacin equivalents per 1000 calories. 
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7.11.4. Effect of cooking on niacin : 


Though niacin is more stable than other B-complex vitamins, losses have been 
reported to occur during cooking. In different Indian food preparations, Pai (1958) has 
reported loss of 2.4 to 37%, and Pasricha has reported loss of 0 to 75% (Average loss of 
about 25%). An average loss of 25% ean be assumed for nicotinic acid during cooking as 
practised in Indian homes. 


7.11.5. Dietary allowance of niacin : 


It can be suggested from the limited data bearing on niacin requirement of 
Indians, which have been reviewed above, that niacin requirements of our population are 
satisfied by an allowance of 6.6 mg. niacin equivalents per 1000 calories. Based on this, 
daily allowances of niacin, calculated from the calorie allowance, are mentioned in Table 
19. It is assumed that protein intake is normal while suggesting these levels. 


7.12. Vitamin B,,. 


Besides thiamine, riboflavin and niacin, there are several other B-group vitamins 
required by human subjects. They are pyridoxine, biotin, “pantothenic acid, PABA, 
inositol, folic acid and Vitamin B,,.. However, specific deficiency symptoms directly 
attributable to deficiencies of pyridoxine, biotin, PABA and inositol, have not been descri- 
bed in detail so far in human beings. It is known that a specific clinical syndrome 
attributable to pantothenic deficiency occurs in human subjects but there are, as yet, no 
data on pantothenic acid requirement of human subjects. Itis perhaps for this reason 
that specific recommendations regarding the requirements for these vitamins for humans 
are not generally made. It is also possible that several of these vitamins are present in 
most common foods in amounts sufficient to satisfy the normal human requirements. 


On the other hand, deficiencies of folic acid and of Vitamin B,, are known to 
occur in man, and hence the human requirements for these two vitamins may have to be 
considered, especially in view of the wide prevalence of nutritional anaemia in our country. 
Therefore, a discussion of human requirements of folic acid and B,, and how far they are 
fulfilled in Indian dietaries becomes necessary when nutrient allowances of Indians are 
considered. There have been no studies on the requirement of Vitamin B,, and folic acid 
in Indians. Data reported in Western countries on the human requirement of these two 
vitamins have to be resorted to in arriving at the dietary allowances of these two vitamins 


for Indians. 


7.12.1. Vitamin B,, (Cyanocobalamin) : 


Though the metabolic role of Vitamin B,, is not completely understood, several 
eoenzyme functions in the body have been attributed to Vitamin B,,. Important among 
these, as they relate to megaloblastic anaemia, are its functions in the synthesis of nucleic 


acids and in folic acid metabolism. 


7.12.2. Human requirement of Vitamin B,, : 


It is estimated that the Vitamin B,, content of dicts in Western countries may 
vary from 3 to 20 pg. Vitamin B,, absorption from the intestinal tract is regulated by 
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the intrinsic factor present in gastric juice. Crystalline Vitamin B;s is known to be absorbed 
to the extent of 70% at a low dose of 0.5 ug., but at higher doses of 5 ug., only 30% is 
absorbed. Vitamin Big present in food may be absorbed to a different extent depending 
upon the level of Vitamin B;2 present in it. : ‘ 


Vitamin By is stored in the body, mostly in the liver. The liver stores have been 
estimated to be 800 to 1100 wg. Longterm excretion studies, using radioactive cobalt 
labelled Bio, indicate that about 0.1% of the body stores is lost per day. Therefore, ina 
normal person with liver stores of 1 to 1.5 mg. vitamin Bye, 1-1.5 ug. Of absorbed vitamin 
B;2 may be lost per day. A diet containing 3 to 5 wg. vitamin Big may be able to com- 
pensate this loss. On the other hand, it is reported that as small a dose as 0.1 ig. vitamin 
B;2, given parenterally, causes a positive reticulocyte response in meglobastic anaemia, 
Suggesting thereby that the minimal requirement would be of this order. For sustained 
responses, however, doses of 0.5 wg. or more are necessary. It is suggested, a level three 
times this, /.e., 1.5 wg./day will be able to keep the body stores at adequate levels and meet 
the demands of the body for various needs of this vitamin. Cooking losses and a decrease 
in Vitamin B;2 levels during processing, like converting milk into curds, have been repor- 


ted (Lichtenstein et a/., 1961). Little is known about the absorption of Vitamin B;2 from 
foods. 


The published evidence, therefore, suggests that the human requirement for 
Vitamin Biz may be about 0.5 ug. of absorbed vitamin. However, an allowance should be 
made for the possible wide differences in the extent of absorption ofthe vitamin from 
foods and also for the possible losses of the vitamin during cooking. Hence it may be 
suggested that a daily dietary allowance of 1:0 to 1.5 ug. Of Vitamin B,, would meet the 
human needs for this vitamin. In view of difficulty in achieving in Indian dietaries high 
intakes of vitamin Bj»9, which is entirely derived from foods of animal origin, a modest 
allowance of 1.0 wg. vitamin Bye per day can be suggested for the Indian adult. 


7.12.3. Vitamin B,. intake of Indians : 


The average Indian diet is largely based on foods of vegetable origin like cereals 
and pulses which do not contain any Vitamin B,,. Dietsurvey data (Visweswara Rao, 
1967) indicate that the average intake per consumption unit of milk and milk products is 
69 gm. and that of fiesh foods, 19 gm. On such intakes of foods of animal origin, daily 
intake of Vitamin B,, works out to be about 0.7 fg. This lexel of Vitamin B,, intake, 
though appearing to satisfy just the minimal needs, cannot be considered optimal. 
Moreover, the figures given above for the intake of animal foods are averages for the 
population as a whole, and in a vast majority of population, animal foods do not finda ~ 
place in the diets or their intake is irrsgular, so that Vitamin B, deficiency can be expected 
to be widely prevalent in the community. Determination of serum Vitamin B , also suggest 
low Vitamin B,, status in our population. It is sometimes suggested that Vitamin B, ,requi- 
rement of vegetarians is at least in part satisfied by intestinal biosynthesis. However, such 
contribution by intestinal biosyntheis does not appear to be muchas evidenced by 
the low levels of serum B,, levels in such subjects (Satyanarayana, 1963). The 
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conclusion is inescapable therefore that there is sufficient, justification to recommned intake 
of animal foods at least as a source of Vitamin B,. for Indian population. If a modest 
allowance of Vitamin B,, of 1 ug./day is considered to be essential, 250 ml. of milk, 
100 gm. of flesh food or 30 gm. eggs must be included in the daily diet of an adult. 
These are in fact the levels actually recommended for a balanced diet earlier. Such levels 
of animal foods provide not only Vitamin B,, but also some high quality animal protein 
and in the case of milk, calcium. 


7-12.4. Vitamin B,, requirement during pregnancy and lactation : 


As with other nutrients, during pregnancy and lactation, additional VitaminB ,. is 
required to provide for foetal storage and milk secretion, respectively. Vitamin B,, nutri- 
tion of expectant and nursing mothers, belonging to the low socio-economic group, musé 
be very poor as judged by the dietary pattern and incidence of anaemias in this group. 
If 300 #g./ml. is considered the normal concentration of Vitamin B,. in_ breast-milk 
(Gregory, 1954), total daily output of Vitamin B,, will be 0.2-0.25ug., depending on milk 
output. During pregnancy, fcetal storage of Vitamin B,, may be considred to be around 
50-100 yg., and to provide for this an additional 0.2-0.4/¢g. of absorbed Vitamin B,,/day 
is necessary. Therefore, during pregnancy and lactation an additional intake of 0.5 fg. 
of dietary Vitamin B,, may be expectedto take care of the additional needs. Pregnant 
and nursing mothers should, therefore, receive daily a total of 1.5 #g vitamin B,, through 

their diets. This means, the allowance of animal foods in these should be higher than 
that suggested above for adults. 


7.12.5. Vitamin B,, needs of infants : 


Vitamin B,. deficiency anaemia in breast-fed infants, receiving low amounts of 
Vitamin B,, (0.03-0.05 /g.), have been described by Srikantia and Vinodini Reddy(1967). 
Analysis of Vitamin B,, content of milk of mothers of children with megaloblastic an- 
aemia showed an average level of 75 p.g./ml. The above intake is obviously below the 
requirement levels for infants. Normal concentration of Vitamin B,, in breast-milk is 
reported to be 300 p.g./ml. On this basis, Vitamin B,, intake of breast-fed infants will be 
in the range of 0.18-0.25 /'g./day, depending on milk Intake. Vitamin B,, requirement 
of infants can, therefore, be considered tobe satisfied with an intake of 0.2 wg./day. 
Vitamin B,, allowance for children may be between 0.5-1.0 /4g. 


In summary, the Vitamin B,, nutritional status of Indians is generally poor and 
inclusion of animal foods to provide Vitamin B,, in their diet is essential. An intake of 
animal foods providing daily 1 Ug. vitamin B,, can be suggested for an adult. During 
pregnancy and lactation, an additional daily intake of 0.5 mug. vitamin B,, should be 
provided. Such level may be considered necessary nct only for the health of the mother 
but for the healthy growth of the foetus. 


7.13. Folic Acid : 


The biochemical function of folic acid as a one-carbon donor in the biosynthesis 
of various metabolites inthe body is now fairly well established. Folic acid deficiency 
results in megaloblast maturation arrest, glossitis and gastro-intestinal tract disturbances, 
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Folic acid is present both in vegetable and animal foods. Some of the vegetable foods 
like green leafy vegetables are rich sources of folic acid. Folic acid occurs both in the 
free and conjugated forms although the former is believed to the physiologically available. 


7.13.1. Human requirement ef folic acid : 


As little as 25 ug of crystalline folic acid cam bring about haematological res- 
ponse consistently in patients with megaloblastic anaemia due to folie acid deficiency. A 
daily intake of 50 #g. folic acid has been shown to prevent depletion of serum folic 
acid, but 25 wg. does not, suggesting that the daily requirement of folic acid would be of 
the order of 50 wg. in the free form (Herbert, 1962). However, in view of the lack of infor- 
mation on the equivalent of this amount in terms of the folate content of foods and also 
on the extent of absorption of forms of folates present in foods, a definite recommendation 
cannot be made regarding the allowance of folic acid. Even so, it may be considered 
that a diet containing 100 /g. free folic acid (L. casei activity) may b2 ad2quate to meet 
the folic acid requirement of an adult. Dietary allowance of 100 -g. free folic acid can, 
therefore, be suggested for an Indian adult. 


7.13.2. Folic acid intake of Indians : 


Anaemia due to folic acid deficiency is frequenly encountered in poorer segments 
of population, especially during pregnancy. Though folic acid occurs widely in vegetable 
foods, some segments of Indian population show folic acid deficiency. Free folic acid 
content of cereals range from 5 to 32 ,g. per 100 gm., while that of pulses ranges from 
23 to 69 ug./100 gm. (Lakshmiah, 1968). Green leafy vegetables are rich source of folic 
acid and contain 50 ,,g. of free folic acid per 100 gm. Folic acid (free) intake on a poor 
Indian diet, based mainly on cereals and pulses, with little of leafy vegetables, appears to 
be only about 37 /g. if the cereal is entirely rice, 100 “g. if wheat or other millets form 
the cereal, and 70 /¥g. on mixed cereal diet. Hence it is apparent that folic acid intake of 
groups, subsisting mainly on rice, is well below the requirement level. In order to bring 
this intake up to the suggested allowance level, i. e., 100 we. free folic acid per day, the 
diet, especially rice-based ones, should contain at least 100 gm. of green leafy vegetables. 


7.13.3. Pregnancy and lactation : 


Folic acid requirements in these conditions are not known with certainty. 
Normal daily output of folic acid in breast-milk is 20-25 Mg. Indian women 
belonging to the poor socio-economic group may be secreting only about 10 ,,g. 
since folate level in their milk is about 1.6 wg./100 ml. compared toa normal level 
of 3.0 ug./100 ml. (Ramasastri, 1965). It can therefore, be assumed that in the 
case of a lactating mother, additional 50 wg. of folic acid (free) daily may meet 
this extra need. The suggested daily allowance of folic acid for Indian women 
during lactation will then be 150 wg. free folic acid per day. The requirement of 
folic acid in pregnancy is known to beincreased. It is known that the urinary 
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excretion of folic acid during pregnancy is higher than normal. A daily intake of 50 ug free 
folic acid, which can maintain serum levels of folic acid in normal adults, fails to do so 
in pregnant women. Supplementation studies by Willioughby and Jewell (1966) indicate 
that the minimal requirement of folic acid in late pregnancy, to maintain serum folate 
levels, is close to 300 wg. per day. Inthe absence of any precise data on the folic acid 


requirements, a daily allowance of 150-300 ug. of free folic acid may be suggested for 
Indian women during pregnancy. 


7.13.4. Infancy: 


Infants on breast-milk will be consuming 20-25/g. of folic acid per day if the 
milk concentration of folic acid is normal (30-40/g./ 100ml). Infants born to poor 
mothers will be receiving only 10g. folic acid per day since their milk concentration of 
folic acid is low. It is not quite certain whether the latter levels satisfy folic acid requ- 
irement of these infants totally. Therefore, folic acid allowance during infancy should 
be 25 #g. For children, a daily allowance of 50-100 Fg. of folic acid can be suggested. 


Dietary allowance of Vitamin B,, and folic acid, based onthe above data, 
have been given in Table 19. It should be pointed out, however, that these are based on 
very limited Indian data and more work is necessary on the requirement of these 
vitamins by Indians, especially during pregnancy. 


7.14. Summary : 


(a) Available information on the vitamin requirement of Indians has been 
reviewed. Very few studies have been specifically designed to obtain information on 
vitamin requirements. 


(0) No precise data on Vitamin A requirement of Indians are available. Therefore, 
the scales of Vitamin A allowances, suggested by the FAO/WHO Expert Group, can 
be adopted fer Indians. Availability of Provitamin A from foods, especially green leafy 
vegetables, is atout 5C%. A factor of 0.25 is suggested to convert B-carotene value to 
retinol values. 


(c) The need for dietary allowance of Vitamin D has been discussed and an 
arbitrary allowance has been suggested. 


(dq) rem careful studies on Vitamin C requirement, it appears that the daily 
requirement cf ascorbic acidin Indians to sustain tissues (W.B.C) in saturation is 25 
mg./day. It is suggested that this figure may be doubled to allow for cooking losses. 


(e) From studies on urinary excretion of thiamine and R.B.C. transketolase levels 
on known intakes in Indians, thiamine requirement can be placed at 0.5 mg. per 1000 
calories. This figure isin terms of thiamine contained in raw foods. 


({) Similarly urinary excrction studies on riboflavin in Indians on different 
intakes indicate that an intake of 0.55 mg. per 1000 calories. derived from raw foods, 
appears to meet the daily requirement of riboflavin, 
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(g) Very few studies are available on niacin requirement of Indians. From the 
available data, it can be suggested that 6.6 mg. niacin equivalents per 1000 calories is 
the niacin requirement of Indians. 


(h) In view of the wide prevalence of nutritional anaemia in India, require- 
ments of Vitamin B,, and folic acid have also been discussed. Dietary allowance of these 
two vitamins has been indicated. | 


(i) Based on Indian data, and the dietary allowances of different vitamins 
suggested by the FAO/WHO Expert Group, dietary allowances of these vitamins for 
Indians have been indicated. These are summarized in Table 19. 
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8. AREAS FOR FURTHER RESEARCH 


It is evident from the foregoing discussions that there are a number of areas in 
which further research is needed to clarify and supplement our knowledge regarding the 
nutrient requirements of Indian subjects. With regard to calorie and protein requirements, 
data are already available and these have to be further enlarged. With regard to nutrients 
like Vitamin A, Vitamin D and calcium, available data are extremely meagre, and exten- 
Sive studies are needed. Research is also needed on certain related problems like availabi- 
lity of nutrients from foods and interaction of environment and other factors on 
Tequirement. Some of the areas of research, which can be undertaken in the near future, 
may be briefly discussed. 


8.1. Calories : 


There is very little information on the calorie requirement of children and adoles- 
cents. More data on BMR and energy expenditure in this age-group are needed to 
compute their calorie requirements more accurately. Precise data on the body-weight 
of normal Indian children needs to be collected to enable the computation of their daily 
requirements of calories and other nutrients. As regards the calorie requirements during 
pregnancy and lactation, BMR in a larger number of these subjects, the efficiency of 
conversion of dietary calories to milk calories, and the pattern of physical activity during 
pregnancy need yet to be determined. 


8.2. Proteins: 


Despite considerable data which are available on the protein requirement of Indians, 
there are aspects of the problem on which further research is needed. One such important 
area is related to the protein requirement of Indian children and the efficiency of utilization 
of dietary protein by them. Protein requirements during pregnancy and lactation have 
been usually computed by the factorial approach. A more direct determination of protein 
requirement in these conditions is necessary to assess the possible hormonal influence on 
their protein requirements. A study of the influence of dietary protein level on the body- 
weight gain and birth-weight of babies will be useful in assessing protein requirement during 
pregnancy. Another area of research is the determination of the efficiency of conversion 
of dietary protein to milk protein during lactation. Even as regards the protein require- 
ment of adults, the influence’ of environment and physical activity on the requirement 
have yet to be determined. Related to this is the determination of sweat loss of nitrogen in 
Indians under different conditions. 


8.3. Calcium : 


The entire area of calcium requirement of Indians is yet to be fully explored. 
Studies on calcium requirement, especially of children and the pregnant and _ lactating 
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women, have to be undertaken. Another interesting problem is the possible influence of 
pregnancy and lactation on the efficiency of utilization of dietary calcium. Information on 
the availability of calcium from several Indian foods has also to be collected. 


8.4. Iron: 

Though much work has been done on the iron requirement of Indian adults, infor- 
mation regarding the iron requirement of children has yet to be collected. As regards the 
iron requirement during pregnancy and lactation, a direct approach to this problem by 
determining the minimum dietary iron intake to sustain their iron nutritional status may 
be useful. Availability of iron from foods, especially those rich in iron, like cet tain millets, 
will have to be determined. | 


8.5. Vitamins : 
Requirements with respect to several vitamins have yet to be determined. Some of 
the problems in this area are the following : 


(a) The requirement of Vitamin A and Vitamin D in Indian subjects have not 
been yet determined. Determinaticn of the requirement of these two vitamins, especially 
by children, should receive immediate attention. Precipitation of osteomalacia during 
pregnancy, frequently seen among women of low socio-economic status, suggests that 
Vitamin D requirement curing pregnancy may be increased. The problem of Vitamin D 
requirement during pregnancy, therefore, deserves careful study. Related to the problem 
of Vitamin D requirement is the establishment of a good method for its estimation in foods 
and blood. A more difficult but necessary research is about the extent of availability of 
Vitamin D through exposure to sunlight under Indian conditions. 


(b) Determination of riboflavin and niacin requirement by a more systematic 
method is necessary. The efficiency of conversion of dietary tryptophan to niacin in 
Indians has yet to be determined. 


(c) Requirement of Vitamin B,, and folic acid in Indians has not so far been inve- 
stigated. Assessment of requirement of these two vitamins in pregnancy should receive 
special attention. 


(d) Availability of several B-complex vitamins, especially of folic acid, from 
different foods needs to be determined. | 


(e) Requirement of water-soluble vitamins during pregnancy and lactation will 
have to be determined, employing the maintenance of tissue saturation in the mother as 
the criterion. 


8.5.1. Other nutrients : 

The requirement of minor B-complex vitamins. like pyridoxine, has not been discu- 
ssed. But there isa need to obtain information on the human requirement of these 
vitamins and to ascertain how far Indian dietaries fulfil them. The requirement of 
pantothenic acid also deserves careful investigation. It is known that significant amounts 
of pantothenic acid are secreted in milk and this drain of pantothenic acid during lactation 
may partly account for the high incidence of “burning feet” in lactating women. 
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_ Similarly the human requirements of several micronutrients like copper, zinc, 
molybdenum etc., have to be studied more systematically since the role of these elements 
in human nutriition is being recognized more and more. 


8. 6. General problems : 


The question of individual variability in the nutrient requirement, interaction 
of nutrents on each other’s requirement, influence of stress, unusual environment on 
nutrient requirements, the relation between infection, infestation and malnutrition to 
nutrient requirement, are some of the problems to which further research should be 
directed. 


APPENDIX I.» 


DIETARY ALLOWANCES OF NUTRIENTS AND 
BALANCED DIETS FOR INDIANS. 


Recommenéations made by the Nutrition Expert Group of the Indian Council of 
Medical Research in 1968 : 


The Nutrition Expert Group at its meeting heldin the National Institute of 
Nutrition, Hyderabad, considered the question of revision of the nutrient allowances 
for Indians on the basis of the document prepared by Dr. C. Gopalan and Dr. B. S. 
Narasinga Rao and made the following recommendations : 


Calerie requirements : 


The calorie requirements of Indians, as recommended in 1958, were adopted 
without change except in afew cases. Inthe case of calorie allowan¢e for women (both 
for sedentary and moderate work), a discrepancy was pointed out between the recom- 
mended figures and the computed figures, unlike in the case of men. It was, therefore, 
recommended that calorie allowances for women for sedentary and moderate work be 
reduced to 19CO and 2200, respectively, to remove the discrepancy. 


So far as the calorie allowance for women during pregnancy was concerned, it 
was realised that it was difficultto quantify physical activity during pregnancy under 
Indian conditions. It was, therefore, recommended that the calorie allowance during 
pregnancy should be given in the form of additional allowance of 300 calories per day 
during the latter half of pregnancy. During lactation, an additional allowance of 700 
calories per day up to one year of lectation was recommended. 


In the case of adclescents alterations were made in the recommended allowances. | 
Since in the 1958 recommendations the calorie allowances for children of 10-12 years 
were the same as for adolescent girls (13-15 and 16-18 years), the caloric allowances for 
the latter were changed from 2000 to 2200 to cover the increased need of calories during 
adolescence. The calorie allowance for adolescent boys (16-18 years) was reduced from 
3150 to 3000. 


The question of calorie allowance for heavy work was discussed in the light of 
special needs of soldiers working at high altitudes and at low temperatures. Since the 
present recommendations are for people working under normal conditions it was pointed 
out that the allowance of 3900 calories for heavy work does not include allowance for 
spec ial conditions like the one mentioned above. However, it was agreed that a special 
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allowance should be made for increased calorie requirements under unusual conditions 
like army men working at high altitudes and at low temperatures. 


Proteins : 


The protein allowances for Indians which were recommended jn 1944 and 1958 
were reconsidered inthe light of new experimental data on this subject. The protein 
allowance for adults was recommended as 1 gm/kg. body weight of a mixed protein of 
N.P.U. of 65. The daily protein allowance recommended were 55 gm. for adult men and 
45 gm. for adult women. 


During the latter half of pregnancy, and additional allowance of 10 gm. of 
protein of N. P. U. 65 was recommended. During lactation, an additional allowance of 
20 gm. of protein was recommended up to one year of lactation. 


The protein requirement of infants up to six months was considered to be met 
entirely from milk, and the recommended allowances during this period will be entirely 
in terms of milk proteins. Since it was realised that infants between 6to12 months, 
though continue to receive some breast—milk, are likely to receive supplementary feeds in 
the form of vegctable proteins, protein allowance based on mixed proteins of N. P. U. 65 
was recommended for this group. The Expert Group pointed out, however, that even 
during this period milk protein will continue to form a significant part of the infant’s 
protein intake. The recommendations for infants were given terms of requirement per 
kg. of body-weight as per the usual practice because of the fast rate of 
growth. It was also recommended that the total daily allowance of protein for 
infants should be calculated onthe basis of ‘ideal’ bodyweight rather than on actual 
bodyweight. 


Protein allowances for children were computed by the factorial approach in 
terms of dietary proteins of N. P. U. value of 50-60. 


Calcium : 


The Expert Group recognised the need for a downward revison of calcium 
allowance from the high level recommended earlier in view of the fact that population 
groups can thrive well on much lower calcium intakes. Since sufficient information is 
not available to fix the calcium requirement of various groups accurately, the Expert 
Group agreed that the range of allowance, as suggested by the FAO/WHO Expert 
Group on calcium requirements, can be accepted for Indians also for the present. In 
the absence of definite date on the utilisation of calcium during pregnancy and lactation, a 
50% efficiency was assumed and 1 gm. of calcium was recommended in these conditions. 
For infants and children also, the level suggested by the FAO/WHO Expert Group was 
accepted. The level suggested for infants will be in the case of artificial feeding only. 
Calcium requirements of breast-fed infants will be met through breast-milk. 


Iron : 
Iron requirements of different groups arrived at by the factorial approach were 


discussed and 20 mg. iron per day was recommended for an adult man and postmenopausal 
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woman. For woman, during her reproductive life, a daily allowance of 30 mg. of iron 
was recommended, the additional 10 mg. being required to compensate for menstrual 
loss of iron. During pregnancy, 40 mg. of iron was recommended throughout pregnancy. 
During lactation, 30 mg. of iron was recommended if there was no menstruation, and 35 
mg. of iron was recommended for lactating women who have started menstruating. For 
adolescent boys and girls, 5 mg. of iron over and above the corresponding adult allowance 
was recommended to take care of the increased requirement during adolescence. For 
infants, 1 mg. of iron per kg. body-weight was recommended. For children, no 
specific recommendations were made for different age-groups but a daily intake of 15 to 
20 mg. iron was considered to be adequate. 


Fat : 


The Expert Group felt that there were no specific criteria to fix the requirement 
level with certainty. However, the Expert Group felt that a minimum level of fat in the 
diet was necessary to provide essential fatty acids and to facilitate absorption of fat 
soluble vitamins in the diet. It was, therefore, suggested that at least 15 gm. of vegetable 
oil derived from sesame, safflower or groundnut should be present in the diet to provide the 
essential fatty acids. Since a level of fat in the diet providing more than 40% of total 
calories may be deleterious to health, the Expert Group felt that an upper limit of fat in 
the diet corresponding to 30% of calories would be desirable. This suggested range of 
fat in the diet applies to all groups. The Expert Group felt that it was not possible to 
suggest any particular level of fat that is desirable in diet and, therefore, gave an indication 
of the desirable upper and lower limits. 


Vitamin A : 


In the absence of specific information on Vitamin A requirement of Indians, 
the level recommended by the FAO/WHO Expert Group, namely 750 #g. of retinol per 
day, was accepted and recommended for Indian adults. Since this is a fat soluble vitamin 
stored in the liver, it was felt that allowances for individual variability and safety margins 
were not necessary. Based on the observations of the carotene absorption from different 
foods in Indian subjects, a factor of 0.25 was suggested to convert §-carotene values to 
retinol values. It was suggested that allowance figures should be given in terms of both 
retinol and B-carotene. Since most of the Vitamin A inthe Indian dietaries is derived 
from §-carotene; and B-carotene destruction during cooking is considerably small, no 
allowance for cooking was made in reseommending Vitamin A allowances. 


Since extra Vitamin A stored in foetus is of small magnitude, no additional 
allowance was suggested during pregnancy and it was considered that even the normal 
intake would take care of any additional requirements during this condition. During 
lactation, an additional allowance of 400 #g. of retinol or 1600 fg. of §-carotene 
was suggested to compensate for Vitamin A losses in milk. Vitamin A requirement 
for infants and children were also made on the same scales as suggested by the FAO/WHO 
Expert Group since no information was available on Vitamin A requirement of Indian 
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Vitamin D: 


The Fxpert Group recognized that though no definite information is available on 
Vitamin D requirements of Indians, epidemiological data show that Vitamin D deficiency 
exists in children who do not receive any dietary Vitamin D, indicating that their Vitamin 
D requirement is not fully met by the Vitamin D obtained through exposure to sunlight. 
Though itis accepted in Western countries that daily requirement of Vitamin D is 400 
1.U,, no definit> indication as to Vitamin D requirement of Indians could be given in the 
absence of any experimental evidence. Therefore. an arbitrary daily allowance of 200 LU. 
of Vitamin D was recommended for all groups. It was felt that this allowance, together 
with some Vitamin D which may be derived from exposure to sunshine, would meet 


Vitamin D requirements. 
Vitamin C: 

The Expert Group recommended a daily allowance of 50 mg. of Vitamin C for 
adults. This was based on the requirement (25 mg.) to keep the WBC in saturation and 
the requirement figure was doubled to allow for cooking losses.,No additional allowance of 
Vitamin C was recommended during pregnancy. An additional allowance of 30 mg. 
corresponding to 15 mg. of Vitamin C secreted in milk was suggested during lactation, 
bringing the total daily allowance to 80 mg. No specific recommendations were made for 
children of different age-groups. Daily allowance of 30 mg. of Vitamin C for infants and 
of 30 to 50 mg. for other childern were considered adequate. 


Thiamine, Riboflavin and Nicotinic acid : 
Dietary allowances of thiamine, ribofiavin and nicotinic acid were considered to 


be related to the calorie needs, and allowances of these vitamins were based on calorie 
allowances. 


Thiamine : 

The Expert Group recommended an allowance of 0.5 mg. thiamine per 1000 
calories. This figure was arrived at by doubling the minimum requirement of 0.25 mg. 
per 1000 calories to allow for losses during cooking, which may be considerable in the case 
of rice. Using this basic allowance, the daily thiamine allowances for various groups 
were computed from the calorie allowances. 


Riboflavin : 

The Group recommended a figure of 0.55 mg. of riboflavin per 1000 calories and 
the daily allowances were calculated from the calorie allowances. Since this recommen- 
ded level of 0.55 mg. per 1000 calories is related to the content of riboflavin in the raw 
foods, no separate allowance for cooking losses was suggested. 


Nicotinic Acid : 

The Expert Group recommended an allowance of 6.6 mg. niacin equivalents per 
1000 calories. Total daily allowances were calculated from the calorie allowances In 
making this niacin allowance, both the niacin content and the tryptophan content of the 
diets were taken into consideration, 60 mg of tryptophan being equivalent to 1mg. of 
niacin, 
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Vitamin B,, and Folic Acid : 


Among the other vitamins required by the body, folic acid and Vitamin B,,. were 
especially considered important in view of their relationship to nutritional anaemia preva- 
lent in our country. Though the Expert Group recognized that no Indian data were 
available regarding the requirement of these vitamins, it felt the need for making specific 
recomendation on the dietary allowances of these two vitamins based on available infor- 
mation in literature on the human requirement of these two important vitamins. 


Recognizing that 1 /“g. of Vitamin B,, per day would meet the adult requirements, 
daily allowance of 1 /g. of Vitamin B,, was recommended forthe adult. In pregnancy 
and lactation, an additional allowance of 0.5 ,,g. of Vitamin B,, was recommended; the 
total allowance being 1.5 ug. per day. The infant’s requirement of Vitamin B,, was com- 
puted to be 0.2 .,g. per day. For children, a daily intake of 0.5 to 1.00 wg. of Vitamin 


B,, was recommended. 


An allowance of 100 ug. per day of folic acid was recommended for the adult by 
the Expert Group. This allowance will be in the form of free folic acid (L.casei activity 
without the use of conjugates) present in foods. During lactation. an additional daily 
allowance of 50 ug. folic acid was recommended. During pregnancy, however, a range 
of 150-300 ug. folic acid was recommended in the absence of definite information on the 
folic acid requirement of Indian women during pregnancy, and in view of the reported 
requirement of folic acid during pregnancy being as high as 300ug. per day. 


A daily allowance of 20/g. of folic acid for infants and 50-100 Mg. folic acid 
for childern was recommended. 


Dietary allowances of different nutrients, as recommended by the Expert Group, 
are mentioned in Table 22. 


GENERAL OBSERVATIONS 


In view of the wide prevalence of infection, infestation, and anaemias in large 
segments of Indian population, the Expert Group recognized that that there would be a 
need for higher allowances in these conditions. However, it was made clear that the 
figures, which have been recommended for dietary allowances of different nutrients, are 
for normal Indian subjects in good health. The Expert Group also indicated that in all 
cases where stress factors like cold climate, high altitude or extreme physical exercise, are 
operating, suitable extra allowances of the concerned nutrients must be made to meet such 
special stress situations. While discussing the nutrient needs, especially of calories and 
proteins, the question of body weight of childera was raised. Since the body-weights of 
children drawa from th poorer ssctioas of th: population are bslow normal, it was recog- 
nised that these levels could not be taken as standard for calculating the daily needs. 
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BALANCED DIET 


= 


The Expert Group also formulated some low-cost balanced diets for the 
different categories of persons, based on the recommended levels of different nutrients. 
In formulating such diets, the following criteria were employed. 


(1) The diets should be such as would conform to the prevailing dietary and 
culinary practices. 


(2) The diets should be as inexpensive as possible. 
(3) They should provide the essential nutrients in adequate quantities. 


(4) They should be based on ingredients which are locally available and 
acceptable. 


The balanced diets for different groups, as recommended by the Expert Group, 
are mentioned in Tables 23 to 26. 


( | pl ZT I" { S¢ { $ 00t2 = SID 
bc Lit ST 000€ OSL st 90-50 09 oo0s = shog ‘sis gI—9I 
vl rag! I'l { S€ (OS O0tC 3 = SHHIED 
LI vil €t  0o00¢ OSL § $7 L'0-9°0 gg 00ST skog ‘sik ¢[—€] 
| 0'T-5°0 o0t-0s os-o8 | va! Zl Ol O0rZ 009 _ Ip 0017 sivok 7|—O1 
| Tl OT 60 OO09t OOP ce . 0081 SIvsh 6—L 
| Ol 80 $0 6§=6O00zI 00€ rad OvST sivok 9—p 
| | 07 sivok ¢ 
8 L0 90 #80001 OSt Oc-SI $'0-r'0 81 0071 sivo 7 
| ( LI Ieak | 
oe pe oe | 007T OO£ 9°0°S'0( *84/S"I-8'I "84/001 ~~ Cee 
002 
\ ras 00p 34/'3w9'T e°34/8'1-£'7 "84/071 syyuoU 9—9 
’ | (189K | 
| OS 08 st pot ror 009P OSIT o0€ B07+ 00L+- ojdn) uoneoery 
¢l OT (Aouevuserd 
: jo Jjey puodes) 
B00E-OST OS 7+ cor O+ O00E OSL oar 80+ 00+ AoueUusoIg 
(Oc Lt s' O00E yIOmM KARO 
I 00! OS }et (ag I'l} O00€ OSL v0 ¢‘0-r'0 ep | 00ZZ yIOM s}eIapopy 
ef OT 01 0061 YyIOM AIvWOpPSEs 
. 97 acs 07 O06£ yom Kavoy 
I 0Or Os ‘16f c'l yt} o00¢ OSL 02 ¢'0-7'0 “4 008C YIOM dVIOpOp] 
L oT a ct 00rZ yom Arewwspas 
«| ¢ >| Z as = = a le) a 7 
< s S ae =f : ae = = fo I © 
AEI SH | « |es8ige & Bess bi Re So S. e. 4 
AREY Oe es) ee ae ee Cee eee eee : 
PR EE Su 5 = hie 5 pal Barat = 5 5 bn o sIv[nonleg 
= 4 i) = 
e) = 5 2) 3 ‘= ~ Y =| B eS 
=. c. e. ge wv VY UlWeBITA Nat —_ 
LI Ol 6 R- | 9 ¢ Lv A a Hes 


84 


SUBIPNT JOY S}USLANA] JO saduVMOTTY ApVeqg 


cc ATV 


(996] ul dnoas jaadxq uoijiajny ayi fq papuauwmosay ) 


$40 
~o82|0PV 


wespliyD 


sjueyuy 


UBUIOM 


ue 


dnoipn 


‘, 


85 


Footnotes to the Table on Daily Allowances of Nutrients for Indians 
(i.e. Table 1) 
Calories : 


(a) Calorie allowance for heavy work does not include work under special conditions 
like high altitude. 


Proteins : 
(a) Adult allowance corresponds to 1 gm./kg. of dietary protein of N.P.U. 65. 


(5) Infant allowance during 0-6 months is in terms of milk proteins. During 7-12 
months, part of protein intake will be proteinin the form of milk, and supple- 
mentary feeding will be derived from vegetable proteins. Total daily protein 
allowance is calculated from the ideal weight. Protein allowances during infancy 


will be :-— 
0-3 months 2.3 gm./kg. 
3-6 months 1.8 gm./kg. 
6-9 months | 1.8 gm./kg. 
9-12 months 1.5 gm./kg. 


(c) Allowances for children and adolescents have been computed using body-weights 
as obtained in the well-nourished groups and assuming N.P.U. of 50 for the 
dietary proteins. 


Calcium : 


In the absence of precise information on calcium requirement of different groups, 
a range of allowance has been suggested. 


(a) Calcium allowance for infants 0-6 months will be for artificially fed infants. 
Calcium intake from breast milk will, however, satisfy the needs of breast-fed 
infants up to 6 months. 


Tron: 


(a) This allowance of 30 mg. iron is for adult woman during her premenopausal 
period. For the post-menopausal woman, iron allowance is the same as for man. 


(4) This allowance for pregnant woman will be throughout pregnancy. 


(c) This al‘owance is for lactating woman who is not menstruating. Ifa woman is 
lactating and also menstruating, her iron allowance will be 35 mg./day. 


5. Vitamin A: 


Dietary allowance for Vitamin A is given in terms of retinol] (Vitamin A alcohol) 
and §-carotene. Either of these is used, depending upon the dietary source of vitamin. 
The factor to be used to convert §-carotene to retinol is : 


1 #g. of B-carotene = 025 Hg. of retinol. 


If the diet contains both Vitamin A and B-carotenes, its content can be expressed 
as retinol, using the following formulae . 


(i) Retinol content Mg. = Hg. retinol + /g.8-carotene x 0.25 
if the retinol and @-carotene content of foods are given as fg. in the food 


composition tables. 


(ii) Retinol content (ug.) = Vitamin A (1.U.) x 0.3 + §-carotene (1.U.) x 0.15 if the 
Vitamin A and carotene values are given in terms of International Units. 


6,7,8. Thiamine, Riboflavin and Nicotinic acid : | 


‘The daily allowance of these three vitamins are related to calorie intake. 
The basic allowances per 1000 calories are. 


Thiamine = 0.5 mg., Riboflavin = 0.55mg., and Niacin = 6.6 mg. niacin 
equivalents. 


Niacin allowance includes contribution from dietary tryptophan, 


60 mg. tryptophan being equal to 1 mg. niacin. 


Niacin equivalents in a diet are computed as follows : 
Niacin equivalents (mg.) = Niacin content (mg.) 
tryptophan content (mg.) 
iE ed 


9. Folic Acid : 


Dietary allowance of folic acid will be in terms of free folic acid (L. casei 
activity) present in foods. 


(a) Folic acid requirement appears to be considerably increased during pregnancy. 
Since the exact requirement is not known, arange, rather than a single figure, 
has been suggested for the daily allowance of folic acid during pregnancy. 
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10. Vitamin B,, ; 
Vitamin B,, is derived entirely from foods of animal origin. 


11. Vitamin D : 


Since the exact requirement of Vitamin D is not known, an arbitrary allo- 
wance of 200 I. U./day is made. This allowance is in addition to some amount of 
Vitamin D that might be derived form exposure to sunlight. 


12. Fat: 


Since human requirement of fat is not ‘known. “no specific allowance is reco- 
mmended. A desirable range for fat in the diet is. however, indicated. Diet 
should contain at least 15 gm. fat derived from vegetable oils like sesame, safflower 
or groundnut. It is also desirable that calories derived from fat in the daily diet 
should not exceed 30% of total calories. 


TABLE 23 
Balanced Diets for Adult Man 


| Sedentary work Moderate Work Heavy Work 
| Vege- Non- Vcge- Non- ~ Vege- Non- 
tarian vege- tarian vege- tarian vege- 
tarian tarjan tarian 
(gm.) (gm.) | (gm.) (gm.) | (gm.) (gm.) 
Cereals 400 4990 475 475 650 650 
Pulses 70 55 80 65 80 65 
Green leafy 
vegetables 100 100 125 125 125 125 
Other vegetables fe, 75 15 75 100 100 
Roots and 
tubers 75 75 100 100 100 100 
Fruits 30 30 30 30 30 30 
Milk 300 100 200 100 200 100 
Fats and oils 35 40 40 40 50 50 
Meat and fish ~— 30 — 30 — 30 
Egg _ 30 — 30 — 30 
Sugar and 
Jaggery 30 30 40 40 55 55 
Groundnuts — — _ — 50* 50* 


*An additional 30 gm. of fats and oils can be inc[uded in the diet in place of groundnuts, 
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